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The lost .deeaﬂe haas brought sboul enormous grawth in ,effo—rm towards
waderstonding the properiies of a plasma. 'i’his gmw’chl hes come primarily from two
. sources; the .e@m;mllgé therpomaeleny resesxeh progrem and the space progyamme,
both of which have lent support to mony vesearch fiolde with overlapping
intorenis; iwmehtatiun for 'plaama diam@amcag a field comem mainly
with m«aasmmﬁ% of plsoms temperatures and particle @eneiﬁies hos consequently
developed to a gxﬁt extém, Bia@zm&stie methodo now include a host of techniguoe
sm::ka ag mvmmé*aima with elecotromesnetic wave; probes, c.priicle. besme, losers

and gpoctroscopye

The most adnirably suited snd versatile me ;.hod for obtaining kmwledaa of
plammas llesin their intevactlon with clectromogmetic waves. Although p;ama can
support a voxiety of éawa with freduency ag low as the ion esouwstic fmguamy.,
we concern amelves here with f£requency rmge such that only eleciron motions
are. dmportonts

In the case of mieruwave diognosticsy the interpretation @:i‘hen is di:’fficult
and requires not only en undersionding of the formal ‘!;hgory 0% elcetropagnetic
intoractions with plasmas, but slso development of an intutive ekill in selecting
meaningful sﬁmpliﬁcamens. ¥ony of tho coses of weve propagation are mueh oo
eamplicamﬁ o permit emcﬁ formulation aml solution.

i*iiewmzﬂly, the eubject of microwave di&@matﬂ.ea is not new. The
1eboratory @xmm@nﬁa of Ven &ar Pol (1920) to domomstrate that cherged pariicles
Chave 8 hrég@ influeme cn, elecm-cmagne%ic wave pyropagetion did mueh to settle an
mpcrt‘mt sontyoversy of the day, whether or not an ionosphere wes reeponsible

for aﬁ.atm'a z'aéio wave propogation. Hls ealeulatione of pluspa conductivity and



refractive index yielded the semo equations to be found for the Iorents plasus,
imimiing a doneity depsnﬁan'f toxm that was later named the plasma freguency by
Tonks and Lengauir (1929 ), |
The improved microwave technology folloainb warld wer :.I opened new
.expannes pf tng freqvency gpeetnm. The piomsering theoretical, Waz-k of mrgomu
| (1946)?:::1 .éxpgrimental work of Biondi and Hrown (1949) 1n doveloping ,résonant
cavity techniques, rekindled intercat in plasma mecsurements with electromsgaotic
mw‘ea. Eamday mtétion meaaummenta v}ith waeves beamed throvgh controlled fusion
plaaazas, perfemed by ﬁn}?o post ami others in Berkely in 1952, stimulf'ited the
xdavelomen‘b of microwave diagmwics 88 a s't;andard meaﬁuring ﬁecbnique in project
:Stmwuod mzaamh (*harton et. al. 1955, Herald 1956 Jo The wave propagation chare=
c’beriatica as s m;mtion of elec’emn denaﬂ.y; nagneme field, and dirvection ot
pwopagaticn Bave been studied by Allie, Bucheboun end Tors {1963); stix (1962)
"‘he problem of onez-g now in an aninotmp&o, disporsive, lossy medium becmea
:axceec,ingly cemplicatad. he prohlem in the p‘laoma cantext is dimcussed mt
';umgm by Bvﬂden (1961),541x (1962) and Rrandetatter (1963 )
m elnctron densiw proz ile mad the electron tenperatm can be Memd |
fmm pmbing wﬂ.‘ah electrmamtia waves, the xnoet cmcn usege hae baen o
meanm t.he average elaatmn @ensitye Pmcedurea for obtsining profile
mfomation h*we been developed by Hottey ma Heald (1959) and by Wharton and-
ulage-'r (1960). Vharton ed Slager: waed only the magnotie ﬁeld inaependum;
parallel pclarieem.on cages Thelr data reduwstion: pmcedux-a 1a ) calibmﬁe the
- peak ‘elect tron- dnnsa,t;y by means of the outeoff of a MoweLrequency ™’ wave and
__ ob*ain i_-.nfaxmyatign"f.roﬁ' ‘the slmultanecusly obssrved phuse shift of a "high
fmqmmy vwave. Mottey and Heaid' (1959) 4 uvsing different polarieations,.

ecdibrated the avorage density with the high frequency wave, Tooause of the
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gronter phase shift monlincarity of the perpendicwlarly polarized wave near eyelotron
resonence the multiple miariiatiun teéfmiqw, when appncame, is nmv;mt nore
sansiﬁve. The Wharton Slager techniqm provides preﬁle information only at the
:lnmants of time Lor which cutofl occurs; ‘zhe z&etmy t.mﬂ Heald technigue ie limited
W 'eiwaﬁom where the cyqiatmn frecuency iagcampamble to the plasma frequeney
and 16 mcmﬁaxg knowms | ‘

i Eax' vew low denamieaa, the. c&vihy ww'mbatim method can be used for ‘ahe
M%mement of electmn densﬂy :!.f the amrity ean be morp@mwé :mto thce plmna
veml. ‘”he aonvenﬁoml micxwm mth. a of meaauring, pimma. elcatron &enmw

emm.sta in immdmi;ﬂ.ng tho phmraa intc a maenam miarmw.we ﬁ:avity wmi neaguring
| the anomt af aa'sming svhieh t}mplemma ccmama- Tha apount of detming ta alectyon -
| damﬁ.w and eouiaian iraquemf are dmcusaea by Rese, Earr, Biondi, ﬁremwt mﬂ
Bm (1949)s Tue conventionsl method ic limited in ite vulua.ty 56 mla%ivelg

low comenﬁmuun (~ ‘309

3 ). Ebnewing a meamtiwl devalopment by I’erusan

( 1957). 8 nethod 18 pmwented by Euchobeun and Rvown (1357 ) where by muck h,tghax-
d@;ﬁeﬁ.‘ﬁié can b messurede The me*bhséﬁ; i0 based on ammtmg the effect Gf 2e0e
spece charge on e "probmg microwave field, This is éécmﬁliahnﬁ by ensurdng

t&m the eleetrie fie:m be every wi'mr@ perpmﬁieuiar taa alsetmn denslity gredicnta.
a.c.me (1953) disousses geveral modes which can he used for low aensime with
M w.i:aheut mmtﬁ.& fiam and :I:‘m* gh denglties whem W {3y wWhoTe W g
»:the fmquemy of probing aignal tmi 0.) the elaot.ren plasma fraquemy. o .
o _I?or WO We & W Y > U, (Y 1s the c@uiamn frequency £or’
”“‘fﬁ':ﬁéntm ﬁ;méi‘fer ) tha :rM:mo . mode givea a :mqmmy ahif% mmﬂting froe the

h pmaeme of the plaama sueh thot

R e TR
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which can be used with or without en axial megnetic field since E 19 parallsl
0B,

Wien the electran density is mmmifom inaide the plama, as ia neariy
a:!_.ways the cage, the frequency ehi:t gxay be expmaaad in tems oi an avemgp

denglty T and & geometriy ?aetq;‘ 2y Aw“’ }:f_faﬁ,_:@im' factor a, constent in
tine, 18 calculnted for vaﬁous geomatrical conditions and the results tabulated
or idlsttad by Cokem ‘(>19.‘5? ).. Bml:inbmm o Brown (1957 ) Flestron mperam or
more »gemmlh the electron veloeity;aiatribuucn cam also be measured by
éﬁctrpmegneisic wave probinge According to hot plosme theory effects aripe at
the second higker harmondes of the eleetron eyclotron frequency given by |
e =, €B [T e Thoen afi‘éﬁ%s are aﬁsz‘iputcd to the finite size of the
elg_zc*’c'r;zx Qraﬁian radivae Thequasi-transverse ex:rasrﬁincsry :mm:“-.ve kog been
empioyed at 70 GH, to verify the ﬁ*e&iafed reasonance width and depthe

I&ndleyr anﬂ Nenob (196-1 ) 'preeented a microwave disgnoesties for heli\m
cosiun pleenos- { at pressuces 40 to 700 mno Hege amd temperature upto 30139" K )
‘lhe;{used thetheory of thfz interaction of an elec‘f;_mmagm%ic wave with a p).aml
fc;f micmave @iamstic méasmmn%s.' Gne pf the simpleat microwcve diagmoeﬁc
pxpgérimente im t?anmiwmn attenuation meagurement in en isotropic plagmos Two
éaﬁiatai*a are arvanged oo that me,ﬁafh between m pespos througn the region to
e a*uﬂim. Yhen the plozme denslty in hhe rath remhea a valixé. hig,‘:i enough that,
' cop appmmhas W oy the transmlbied wignnd mn b atmnuate&.

Tmnmweian sud reflection of short electromagnetic pulses {~ 10"9 o)
hee been used to determine the cleciron denslily » From enalysis of the time shapes
of tay trenmeitted and reflocted aigaels both depending on Wp end observation of
the transient riuging which approackon Wp within & few cycleg Te cen.be

determined within time smaller than 10°7 sece
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Xemzm and Xelly (1964) davaxoped & microwsve diegrostic (tec!mmw) s&rﬁ%e%m-’
which pernite Xeband (sa40 Ho/sw) wave guide trememiselon in me TM,mode through
thie plaema without appreciably loaémgg the refe excitad ian coile Simple alo”b ed
line probing tecimicuos have beeneavele&md waioh ere Q&Puﬂlﬁ of meawing the point
o, pm int plesme densitieos with & high eiegmzz of aﬁeu*af:y in ralatively dense plasaag
ueing oniy a gingle micmgaave( i’reqwmy_.. s
Vhorton and Cardmex ('1959) aeﬁeeﬁ the, merm&ve in%er:ﬁemewr i;oz- the -
diegnoptic memmemnt. I% 1o pardlovlarly umaful in meesurements on tram:imat )
plaamage A swre oophisticated mterfemmr i,a the "rv‘inga-e‘x:}.!t“ é.nwr%mmr
(Heald, 1959). In this pe the pham shift’ is pmm& airaatly on the nacilloscope,
and the effects of wpﬁtuﬁe vm‘imﬁ ong are diﬁerimiwwa egaingts,
‘Glerke et 2l (1961 )s Sehlutad (1961), Iisitane end Tutter ﬁwsv) heve measured
ﬁm eloctvon density in el dmeiwrf;e by three qif*"emm, methods as & funptiong
02 Tofe :Lavcl. m, vzmzaa of pask :zenss%ty anﬁ epaﬁnl ﬁistz'i.bugmﬂ obtzinsd are
i mmon&n&e agraemena vith optls al ad pmhe data aa ml!. a8 w;.th nicrcwave
‘ phrase shifs meseuremonts ecpross the plaama coluEm, |
: Yaves in pﬁlm are subjected to & twaﬁ of resonances at sf'h,.ch *the mfractive
inéiéx oo 0 mﬂnicy such ea at the icm 2nd ¢lectron’ nyclotmsm fmqmwy and at
hm;m@ Lroquontys .Eéuch interest hos been goneraled by ma recent oboervation of
éw::%; msmmeﬁs‘effems ’ in iomsp&wm resulbing xmoh theoretiodd work. Since swh
" vosonangs involve By the magnetic 'ﬁie'lé GO M, g the elactron éem‘iu‘ﬁyg a very
u&,ful di%naatic method is svailable provided the expﬁrimantany obsewwé
&:&mes ave oorzeotly related W We. 8nd e when the trancnlssion :fmqwzncy
is vory neay ?’;Bw ‘eyelotron frequency and. the eﬁim:iﬁz; rate iz low; ths p}am&
’nérmj;ive indoex noy Ee':wry h:i.g}i a;zpeciaily iz tho aemiw‘:y 19 highe In low tamlpemturlv
leboratory ,;ﬁm:mas, hawé;mr;' tlie go:i:%._a‘iisn rate le relatively highy and demping
. of the whiailﬁz: mde 30 pmﬁiine'nt {Heala 1960, Yallis & Voaver: 1952) even ot

microvave Lreduencion, Slow wave pzopagation ot freQuencics close to the elegiren
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gyzofrequency can ocowr 4n high temperature, low density plasuasy such a8 magnetlc
mi rror compreasion expriments. Zlectron tcmpemtwe oan i meabured from black tody
'mdﬁ.a-tim moasurcnents. In goneral, noise temperature (bmekbody r&diation)
measuremcnm'.mde in dense, i;igh call!;.sion'ratg plasaas yield eleeiron m;:»amtsms
iﬁ Zood agreoment With those obteined by Iengouir probes stuﬂieﬁ'?ayi{mlv {1951),
m:.ey and Mumtord (1951) or specizoseopiosdly, by Harding et. al (1958)s iven in
h%gh temperature plasmasy .wmm ‘Ehﬂ: collislon ratos are 409 lv.'zw t0 proved the
thémaiizmg«mamﬁm for clecirong, the slectrong are Qfﬁen found to hai'fel a
Mareelliom distribution Sccording to Gabor ete o1 (1955}, and in wany ceses the
elééi;z,*on tenperatures inferred frim nicrowave radiation mien@i‘&ies compare
z‘avmr;;y with temperatures measured by other metheds {Pellis 1955 )‘, Wharion
19:;‘3,15361, Stix 1962)s The cyelotron radiction spectrun containg h&zmonics, whope
relctive mtmmitiea are ai".x'as' fuctions of the e‘lee’smnwlaciﬁes. Fyp tharmoe
lized eloctron temperatures fypicel of most plosma experiments, me&uding
contzrellad fugion, harmonic numbers af. 3 or 4 are shout ithe 'ene{az'itioai 1imdte

. In several plusna experimenis, nevertheless, harmonics as high as the 24th
hove been detected with relative dntersities that have little to do with
eonventionsl oyclotron radiation fiwories. In the experiment of landsuer (1952)
upfr;} the 24th harmonic of W, was obsgrvei‘i in & plasun generated bty & Folale
' diﬁ'r;harge, a {ype of discharge thet is notox*iéus for various ingtabilities.
. Im the ‘expariment of 3&51@1011‘& et ale (1561), & speotrum of 10tk hornomic of ihe
.ion"gwcfm@uewy wag detected in the ogrs uechine {Arialmovich, 1*.7358,’ éolwin.
-1959 } hoving o bigh enefgy élawﬁ‘ density about 1&3 ions/cm3. The absexvmiom
‘ar‘ 8. or 10 harmonice of W, by Flelds e‘!s 2l (1952) and Rekesfi et a8l (1964 ) were

made in the posltive colum of e hot cathode are discharge having O, =~ w .
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All of those obseryvations were made by holding ‘%he freguency of the receiver
caﬁsﬁ;ﬁnt and varying the magnetie fielde Iunlauer (1962) used two frequencies at
once,y 34 Go and 10 ée, and found that ia all coses the pecoks cocured at slightly
higher freguenciee than multiples of W, 4 vather then being shifted downwarde
A typical spectrm i® shown in which it 4o peen that the intensitiee of the Tirst
18 peaks ere escentislly the sanme. Observations wade with the antenna ordented
with E along the magnetic £ield even showed several hermonics, but with veduced
mnpli‘m:ie. landouer offers several qualitative explanaticons involving "quesires
Iztivietic" electrons and high wonlinear refraciive index, that partially explaing
the observed effeciss

A theory given by Pistunovich end Shafrenon (1961), sleo involving & very
lovie refrasiive index due ‘fn resononce pﬁ;”ﬂ:{ explaines Iandawer's and aled
Bazhenova'e resulis in Ogra. A recent theory by Simon and Fogenbluth (1963 )
provides & masc;mble £i% to mamr's repulto and, in part, to Bekefi's .
fivdings. Simon end Roserbluth have caleulated the harmonics and line ehzap@s-
generated by pﬁsz;%ielea making cycedotron orblivs ond coliipions with wallg and
shenths simultaneouslye The broadening end shifting of low hamonic mmber pesks
and the variations with plusma freguency &gﬁe well with Landever's date.

A -br:}.ef review will now be given of the different methods used for plasma

diagnoatins.

?iamazaa : _

The simple single wirve langmuiy prove is undoubtedly themost widely used
diagnostic to0l in plasmas even to daye Such probesy though indeed rathey
_ eimple' m@h&nically,‘ are quite the opposite in regard o the theoxy of current
gollsction. In fact in moet prove applications with plasmas immerged in megnetic |
Tields, vegoroue theory does not oxiet. Nevertheless probes continue to zeceive

wide upe sirce they cen yield mesgurements with a degrec of losalization diffieult
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to esohive by othei methodse Even when opemt:mg} in doméins where approxinations
caiﬁ not be made o reduce the theory to a traciable from, they provide relstive
neasummenﬁa thes show a great deal of the structure of the usual nomquiescent -
plaﬂsma .
’i'he single probe charae uews.atics re!y on establisiment of & fim plam :

po tential 1% cerves oa o mfermnca for the probe veltoges In awme discharges
a good refevernce point does not exist and in others fairly lorge eleciron
currents are dresm o estoblish the probe characterdstics, Hhich couse
perturbation sufficient to alter,the plama conditions. The doublo prove system
wan. pmposeﬁ&ﬁo alleviate tuig diffieuxiﬁh- Two proves azférapaced sufficienily
close o ensure uniform plnamzz in ‘}me intexvening region. The probe syastem is
a].imvad to £loat relative to the plaema so thut no 'net current iv dram by the
symem. The yesulting potentisl is the ¥ 'ﬁﬂ&'ﬂnﬁ, potential® whic%s ig sufficiently
m_eg;ativa w:’;th reapect 1o the plasma 10 repel enouwgh of the aighez- rmobility -
éié&;:rons to maintein Ia =X . where Ie in the electron current and i, that dwe to
ionse »

| Bémean the probes one places a blas v = vy~ v2> 0 « Pooitive current
£lowe in the external cirould From proboe2 %o probeels If the prove areas ave
guch that Ay~ Aa both pmbes are negative relotive o plasma bui’;- V., ia lesa
nega‘hive end 312 zore négatives Thuo move electrons flow to 1 and fewer to 2
For l‘drge poeitive Vy, probe 2 will drew on],y ion aamration ourrent while probe 1
conects Just enough net eledtron current to cancel the ion current to 2. The
dcuble probe characteristics is thus eymmetric when 'A‘ - Aé and the total
current to elther probe can mot be greater then the ion eaturation currowte
' Tuis condition hes the aﬁvantage of minm:l.ming the plasna perturbstion einve
the ourrent flow is smellj at the Beame time however enly the electrons in the

tail of the distribution enter the probe current,
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| _ The-clascdoal ﬁhmry of probe measvraments in ges di s'eizargé Tengmudy (1925 ),

mw and Yottmimith (1924) am! Tongmir {1926 ) contains the bosic &aaunp‘uen
thwt ‘ahe potentiald diﬁ‘ﬁreme beween a proke ana the plosma $n which it 18

.mmed, is eenﬂnea tec & space sharge xw.gmn or 'Sheoth' which surrounds m
pmm, 1e0s :Lt is postulatesd that the plasme out nide’ the cheathy ds unperturbed
By “the p}:emmp. of the probe. Howsver, during the course of ?m_cir msgamhea on
the icm preaeu:m» mexeury arc, Lanzmuir md his eéliems- - Zound that the pateﬁtiui
difference cxioting botween the exis of the discharge tubé ané%ﬁaﬁ&l maa"me'
entirely assosiated yﬁ.ﬁiﬁ,the -ﬁgll"aheaﬁz. ‘he effect of thio ﬂalei mﬁeﬁi&t&oﬁ of
;Séﬁb& meaéux-érnenm was ignored ‘mﬁl.’thé é%uéy of Bokw, Eurh’sﬁ: :md '.‘ééasaay {1549 )

’ The subaec‘h has been diwmenﬁ by peveral wx‘ite*ﬁs (Boya. 19‘}0, 1954 4. *evmm:. 1550,

Showed \’Ro.t he ton  cuvvent o{epehds eled‘(on

Bahm et 81 (1949)hmpemtm, ead w0t the fon temperature because the -

nlen and Thonemaon 1954.) o ' o T}Te

4 elacﬁmn temmhme determines the azmng‘a‘fz of the electyric field which érm

’. the :l.ona maxﬁs the sheadths P?ewewr. uiw:tr theory dose not deal with the

‘po &entml aiea'ariﬁutmn within the sheath, nor with tlm in..muue ‘in ion current
whieh is obsemd o3 8 pm‘m in mude more negntives Allm, and and Reynolds

. (1935) pmaemea & treatoent which gives potential é&.ammumm ‘Both -for the
'-:pmm:a ang the aheath, together with the positive :'um eurrentwmltage ehaw&etar-"

| mtie;s. *ifhis aork preswnvt;a a msthﬂ& suitabls for the cmputatim of the gharacterw "
imica of elaotm static probos, in aope wmm ¢ollisions are negligibla. ’i’he '
mthod ;ha ap,pneeble oals to pmbeu of such syzmetzy that the ‘charged parmh
'arm*ts cen be chez*aeterize& in ﬁems of mplicit t.ime independent onnatam ot

| me‘emn. Eamtsm, Ix'vﬁ.ng ana Rab&ndwitz (1959) ueed spherieal and oylimdrienl
pmhes +5 the uallecmcm of - pnai%ve 1ones The methed is ccmplewly self cmmistent
and- rezquxma oo a,pmeri separation of the discharge .into plasma and sheathe
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They ;fomula:f‘.gé "t;heb theoxy of spheriesl ams myum:ieai proves dmmersed in pleoma
. of such low ﬁémi-tw that collisions can be neglecteds Medicus (1956 ), Poya and
: Mady (1959) éave:lopeﬁ the pmc%:i.cai taamszwq for extraoting ond displaying
the sscond derivative of current by voltage to the distribution function in
connection to tho theoxy of Uott-sdth and Tongmudr (1926), A eimple and sccurate
eiegtMo dovice for yeducing the émbe data and aleplaying the resulis cn an
~ egeiliencope s ‘daepﬂ@ad by Herp {1963 )e The cirewdt employe conmereially ayaﬂé
Wbl plug in smplifiera to provide meximum a_&ée of uam%rwtiéﬁ? and high coeurscy
ls obialned with a mnimw of calibration ad;;mmen‘m. The PX‘Q"“&\ charaoteriotics
of eleotron &nd ion awmms for- pingle cl@am@e (aylandmml ead plain) and foy
Wﬂ:, thiree z—ma four aleetmue plane probes cm: piuiiecd by Ionov and mn.wsodc
(tgu‘r Yo Thoy found that the most complete and corvect data on electron’ mi dom
ivtribution in a plasiia’ can be obtained woing' three anu four eleetmae pmbaa.
A fm.u' eiac.tmée Probe: ahbuid e ‘gam. Awheza.phem and- maondary emisgion f}e&,@
- wader the aa%i@n'azz’ fash 'pa;“&almé' dee0 whon éﬁgﬁy-ﬂﬁfg?iﬁw éeﬁs%y co@c--f@lﬁéﬁgo
Apblicetion of @ magictic £ield B hue the inpainte effcot of &écx'eaaing e ratio
of ez.bctzm 1o ion saturation G&E‘I‘&nﬁ&% ‘ﬁzie mﬁm which fc»:e B0 is
( T ™ / T e }é 100 ‘esin ciecrvcase by en o:edex' of ma@imtle when the
mognetic field is ouch thet the probe radius and Debye length are mé:e «ecmpa.‘l.mq
% fthe cisetron lavmor radiuve Y. but sti;‘@;@ail compatred 0 the fon mzmr _
redivg Y. e Whem‘as the cleetron aw«&t-"ﬁmﬁ is nemmzlly ,-ami:tﬁme w&tﬁ fB u t)
) ‘m *a}z?a; edifmmn ints u surlege srm*mwﬂing the probe of radius equal to one
meon free paﬁx. dlegtrons in the magnetic Field can move into the probe mﬂy
along the ﬁi’.‘%“éﬁﬁﬂn of the fiolds Elee"t:ron ﬁatiaa aimsg the fleld is esﬁenﬁaim
unhindersd whoress across ’shs .,f-ielﬂ the diffuslon cosfficlent &8 vodueod {clospically

:D*/D '—. ! /(| + wzve"Tl)( | (2]

by the ratio
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: 'N'.he?? (.Qeq,(Tz { QB/'m) ( /'Y\ G‘U‘) |
; U T4 the pm&m$ af tae eﬂ.eatren eynwtmn fmquzmy and man
’eolm;ian time with ww or neutrais whichw&r is &omnant. Fox even’ vex:y Jow
—fiezm Wee T D) 1 o homes clasmieal difrusion \mries as i / B and
' mem. extrenely amll. Glmaalcai &5. fueimx :i.za ae:xﬁm obaem& in pmcﬁeag w
erass ﬁalﬁ difmmrxming given raﬁher hy Boha ammmﬁ&m wh:lcm v::ries as T /’B .
ﬁwerﬁ:elos&a eiee sron eo&.leotian 18 maml; alom; tﬂe flux tuse of Tadlus A+ Ye
'Iﬁﬁz ﬂiffusicm 20Y08E the entire tuha bsuaﬂaw maintaimng the' paruclc fmx.
- When @ ataady m:fam pasitivu colum 6F a }.mr y:masure ﬂiwharfv is acmd
wpor by o' longitudinad magnetic £161d thé charged partioles naving velootty

. cunpamn‘m in all éimctim, apim about the mgnetm Mnes of force. Bsaaua&

' of thezr man ms. om.v “he alw*!;mm -BYe . appmeiably affected by magmsf;w ficm.

. fi‘he npmmag pax'allel i:a *he a.xia u*’ ‘the tube beiween camamm z'edwen the

‘_r&&iﬁa aifma:wn of electrons anﬁ thus & eneller re.arx.al electrie ﬁem ia required

" w mainmm tﬁeeqnality bemeen 1}}2& mubem fsf ions. mﬁi elee cmm a:criving af. th.

. mmandwting tnba «m. Stnce tnedy rédlal velociﬁ.ea are the em. e mdm}.

__fzmv of both cmgraa will aacmaam A mngimmal magmtm :ﬁﬁ.&lﬁ xshanld ﬁma
‘reauae tho elm%mu tempemture and the elsctric’ field :m the eolum« B

En an’ aimpt by ?fmka (1939) @ remuzme a quamibative fshaary, zm m

_, _made cf a memueal roqult (Towiecnd 19153 for the effeef. ot a mamatio fleld
| on Eleetran dim’usmn in the abssme aﬁ' space bhﬁrge-: Tite raault was congiimed in
emamiem;s' with sléctron swarme for photo a-igctme amnﬁa (Ba:i;ley 1930 ).; s |
holﬁa nlso also for largﬁr cwrrents { < fﬂ'ﬁ aupe ) when éllamma’ :le made for
the apaee chamga. Other experiments {Gm:mga and kaa, 1941) w&%h a positive

1
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column in mercury vepour were inconeluslve begause of the difficulty of interpreting
pmbﬁ; charssteristics taken in the precence of a msgnetic field, ﬁaﬁg? {1083 ) |
mﬁ the epeciroscopic method o dnvestigate the ;nflmnee of & magmtic fiem
og'thﬂ electron temperoture in & low pressure positive colunm in cesiwm VEPOUTe
Ingteed of' a lﬁrgie reduchion, however, é. saall inoresse in the clsciron tempférawm -
was cbgexrved. The effect of a mognetic Lield on the loss of charges from & plasma
to the walls of & closed condveting box hog been shown by Stmon (195%) to ke
contyolled by currents in the ploasma which are flewing essentially clong -thé field
and 1ot by plaans oscillations as previously suggested. These argumente do not

' aﬁply here teosuse meplma of a positive colum is widform in the direction

of the magnetic fields Bickorton ad Von Ensel (1956) presented a probe (movable

' pmé‘e ) measuremont in & positive coluwmn in helium in longitudinal magnetic.
fielde and the effect of such fields on the colum is disoussed theoretioslly.
Bertottd (1961) developed a theory of probe charccteristice in presence of a
sirong magnotic ficlds Virmant (1963 ) studled the Iangouir probe in presemse of
magaﬁ‘@ic fields Hobata {1963) studied the chmtériatiaa of Tangmuir probe in
presence of a wirong negnetic field. The mechuniem o‘i‘ the collection of chirged
particles by Lengauly probe in e sirong magmetic £121d has been tﬁeorﬂiea:ug
inveatigated by hime The megnetic field is assumed 1o be ouficlently strong L.e.

* the electron cyelotyron fméawmy exceeds the ¢ollieion frequency of elsetron with
neutral geo molecules, and he obtained the following resulis (1) Vhen the length
of ithe probe im e direction of m&g&aetﬂ.& £icld is lorger thon the average
@rﬁﬁm diemeter of clectronss the prebe curront is determined by the m&mn

 diamster, whereus when he probe length is suellor, the probe curzent is free

from the effcet of magnetic Tielde Pxperimental reoulis concorned with the gaturation
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eleetrcm cment ogree with the calculamd vaims. From & 24 pmbe amut}m
Amay Eal (1965 ) has produced & beautiful displey of ﬁezxsity fluctustions
seewring for glven operating conditlons of the Etude atenmmrg-

;o
i

MAGHETIC ERORES

‘Maznstlo probes have been treated by lovberg (%959) ¥ho points out thedr
wj.éaspuaﬁ uge in mapping cm'mt distributions in plauma sccelerators and pimhea.-\ '
‘ &mu induetive probes MQmeﬂ in the pm will huve vol%wn induoad m thm

b:f changes in the local megnetic field, O(B/d{((}lasatom and Iovbez‘g 1960; Gelgaﬁe
et 8_1, .1558)‘ Plold sensitive clemsnte, such as Hall current ﬁmbee, may be made
a8 mll ae 1§ m in diameter and "émuped :m ,,X—X—z arrvays to measure threes
ﬂi},ﬂﬁﬁ:ﬂi{)ml ;mem cgmgmations { Pollock. éi 8l 1960 ). f:urmnt density csoﬁtem
aml tm pmaam'a of hyam&gmtin m*aahﬂits.ea in éenee pzamas ore meaamd bry
Y linear ntmy oeross eurrent cmmnels. I'Iie duta mm be displayed by rem.d
aampling. The. out put vo! 'aage of the coll type prote may be maemteﬁ ‘Js yielad
the. magnitmwof #ielde The mnlﬁ.ng aigtmla are very emall ( Adepending oB tha
im;egm fon time ) and care must be uged to avold. atrsw pidkup, Hall pmma
th nut:pute ofa volt OF B0y mpmzaa %:ima wam few negacyeles. zmd are eanily
eanhm‘?:ed wﬂ:m a standwrd magnats ¥ ’.*‘hey ares gomewhat- temparam nenoiuva. ‘
Amther kml of aou aﬁaenmy tha& Beasures rRLEH af change in enclosed
‘ emen'c ehamzeh a8 the Rogrwaky Emp ox“ amsle ( Golovin et al. 19583, ﬂmpar '
1963 ). The assembly coneistd of two eete of ee:ue, one amm& the anﬁm |
{émrmental mgi.cn and theother around ‘only the current chamigl or & paxft of it.
) The aiffarenee in indused voltage mpresemm the mmrema et emlaeed, amh as
mn cnrmnm. m cona ey be asmemea, with kaﬁa bmugm eut Bspamﬁe]y,

Mieam cum*em- profiles. It 18 ehm;;ﬂg;,v Bergland ot 8l (1963) et in ’sho
: 24481 & Ty |

V5 JANI97S £ wieesnr ;

X

'0115

4’
4 Rh \ﬂ“\\“



-$ 16 fur

design of maghatic probes for plasma f1c14 mmmemnm; attention pust be siven
tb "me space mmlving, power of the coile. & te@hniqu‘e is desnribeza b;y %sh@,, whieh
by mehanm 1 moans glves an exnct allgoment of the individunl cos.la s.n 8 multiple
pm%se wiﬁmuﬁ fmy !wuél i’@r fm‘tlaw zaaxmal adjustments Im;egmtmn gf the :sﬁ.g:mls
by means of %msismmmﬁ Miliey mﬁemwm ;31,.486& m t.he pm’aa end of the
trmmi%m eab:lea, g:wea a g;wai ei:_ml—ta»miae *'a*twc The deeoiibed a;r@mm |
mm am @vezrall eeu&iﬁviw of | mV & ot an RO ‘ﬁ:lme of 8 ma, and the ben
wid'i;h exbends %o aver 2 Mo/o. |

| V&rﬁ.mm mugnetic probe measurenents have beendirried out by Gillaem et al
{"9%3) to imwtigate the behaviour of the plesme in o theta type @i@nm@m Vith
‘ “?;m:g,;mced“ p’m;»es the amount of draped ﬁam at the ascond imploéiegz could be

eaﬁmwseae This technique has boen used to estimate the electron t’emygmtm. |

‘QP“IG AL A.m Iﬁ?ﬁﬁ%m ?ams ' o
Pwmng by mesne ai" lig;m beoms {8y in principle, very similar m miemwm
-pmbmg@ fe.mi the bu&k of @ze theory ﬁevelgmd apnliw with tha addition th:.-:st the
imwbse in mfra@tive lmez; due o @w,’mu"zm bmak@@mﬂ gas in high damiw
,'plazzma& muet alse be awmmted :é‘w, The techniques &ii‘fa’r Emmcwmz'a, but nmumeroun
paml}.elﬁ oan be drewn (Alpher and Wite, 19594 Amu-mmn et al, 1960 )

@pticsl in erzemm%em that ave direoy mxalcams of the micmwzave iﬂwﬁem-

-imewr are veeful for donge placma measuremeniss The Hmh-%&mier ﬁ.n’sarfeme uem is

am excwz.n {A&nl&-&m&aﬁ et Bl, 1960 ) A monochroratie Mght source is requimea°'

tm amalle:r the mvelemgm opread, the sherpor ﬁna _mmr;femmgsg i}pmaljmamra,_
or mm- { Schanlow @a,mﬁms, 1958, Javan et 61, 1961; Tongyel, 1962 ) intrine
) %cﬁﬂy are emellem mmehmmmm source but, for trunsient evenisg 1t is |

éiz.fﬁ.z’im@.% m ashieve apourate ’&imim, mthﬁut elammw triggeting awanz,emams.

/
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. The gient pulee technique i & method to schieve Tt trigeering. A mumber 02
puiced and Cole lagers ewe now available compercially (Sémi:@t. 1962 ) 4 covering
wavelength ranges from 6900 to. 72400 A (7.2 I )} o Spark snd sye light sources,
followed by @ filter (Billinge 1951 ) or moncehromatory are also useful ;E'ciz:
imarfememm of medium resolution. Metel clectrode spark scuvpes can pm&me
mierosecond pulees of intense light, having ;}i‘ﬁ ter tine of only & few NANOseCOndSe
A filter accepis the ﬁﬁsimﬁ iineg rga;;efetix‘zg'ﬁm others s well ag plasma
génefamd lights The 1ight from the source mudt De much vore intense *eh:m ny
a,mm he pmma, of courae, at the wavelsngth of inteveste |
T A Opd- /J\ Bea wcommg e::ax the 1%?1’@?&&@8 wan cah‘i;ﬂined Inoking along the axise
in the Seylls experinmont at los Alanos (Fimore, at m., 1958 ), mzde with o glont
pulw lnser sgamf;aao The m&ﬂ éemiiﬁy‘ eiaproaned ﬁlﬁaﬂsa ghows up plaianly in ihe
senters
_{ Contiouous itime resclution of owe ?iizzzemicsml slice of an exporizent oun
bo made by soatining with a st and mt:ming mirroy as a treneient plamos event
is @m.a:’in‘{, infe’ Gildﬂbsﬂ* to obtain a. smak :mﬁsri’emmzm (Senmet ot al, 10604
| }mﬂeq and, Molenn, 19562 )o Fhe £ringos will be shifted wp or down in & displsy
imhca‘* to the Zobs a.-»s;"tmi.pa eisplaye The droce showe evidenoe of the irorence
Al'ﬁ.'n miraetive mex dun w neutral stom donoity, i’alleaw_ed by & deecreage due to
’ the ‘"gelectmm.v 1f white light isused the posltive end rogetive deflecion will
show wp, in difieront colore, ‘sinee the growp amﬁi-'\ﬁamﬁ velveitios will be differsnt
' fou the deficction dus o electrone and thay due to meutrel atoms (Klein, 1963 )
g A cimilar cptical amaang“embm is used for ehlie:mﬂ nhsto@rauhy, except tumt
chmgﬁa; in rei’r&etwa index are fegaréea ag ms&um't;am of ddghb intensity, rather
- thian m;t:é;ffemme fringoe. An expericental srrengemcnt for studying shock waves is

given by lovborg (1963 J» The light source i a opark beiween tunzesen eieotrodes
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in nitrozens The accurate timing necessvary to follow thé fest front is obtained
by Kerr call iight éhwwer. /

The grenter sonsitivity for plszam&a . of mediun density ie obiluined 4n the
for infrared, Coley cell and bolometer detestor are useful at wavelengths all
 the wey across the infrored to the pioxrowave Sand, althowh "z;mir TEsponse
times are of the order of 8 seconde He%rmeleaa, [k pleeme nxpnrmenw have
beon done ot infroved wavelengths {Brown, 19624 i’ar&ing et al, 1951 ) with
rmults that conpare favourably with micmwave regultse

: Gptieal Fareday rotation can bo used fo study denece plasmas in strong
megnetic ficlds (Doused 1963 )» The sensitivity incredses in direet proportion
$o the density the path length ond the moge tio field appiicd,

PLASHA WAVE AND RESONANE PRDUEDS 3

When plesse weves or osciliations are presenty they msy be detected évith
p:@he&, apace charge . waves mey nleo be launched with probesy but this method
of Clevnching tends w0 exeite all modes. Imggnuir type probesy huving cosxinl
s%ii,elds brought up near the collecting surfaces, are édaqwssm for many
measurenents up to £reéquency of 100D He/fp .(fﬂuiley and lmeleus, 1955 )e A pair
.ufmaall dise probes has been used suceesefully to messure W, in dilute
pvlaamas ( Younz end Sayers, 1957) endy infioty wive and dise pmbeé wore ueed
in experiments thet probably were ‘;me Pivet niorowave dingnoetlc meacuvemente
by Ven der Foa. (1920 D

"s?’hen a current collecting probe simultameously hss & large rofe volioge
gpplied to i‘t,‘.tha nozlimear chesth charscterietics cause rectification of
% refo @ignal. The d.es cwrrens isthus sltered by o small omount. The Yefo

electric figld avound the probe is maximum at frequency mear the plaman frequency,



g 19 3=

leéding o e incmaea in the rectified direct current za the applied frequency
is mm'-ﬁmm the local plaswa frequensy (Tekeyama et al, 1960 Ikegemi and
Takayemay 1963 Jo The probes, of course, perturbs the plamme and thus “&he'fmqmmy
mmured is slightly below the true plasaa frequentye | .
Beaonant probes zed by tranamiesion lines (Icvitakii end %huna, 1961 % |
pemit measurenent of the plaoma impedence, plana demity and g\nda wmhnsth. -
theo loauy coupled to & tumable !111'@:'. amh na a mtoxﬂriven coaxial resonator
(Malmberg et 82 1963 )y pormit rapid malylis of the mwamy apaetm of
oscillations picked up in plusma, or as & meens to filter received signelse

The movable probes were used for thoss purpoeem. .

Plocme messurement with partmie beml hes mcéived mhﬁivaly 1ittle atitentifon,
. 1:1'"-3 1'71" of thc 1ittle mfomzaﬁ.én'plam bean inmfaétion affords. If we exclude
pmoesea mh as beam imduced instabilities and measurement orf plama in
elee'&mgnetic ﬁelds the beam mteracto mt with thephma 88 8 whoh but rather
' _wm individual conatitents thrxmgh binary eolmiom. Charged p&rtﬂ.cla beaxs |
can be used in plasma when no megnetic field is ymaem or if '!.'he plalmas are in
open mognetic dovices. Atomic bem ere bettar sulted for prabing vrhen cantmi.u
mgnetic fields are presenty since. pl.am boundarie. are bettez' deﬁma
pazzpendicnlar to 'cha field direction, end also since sactiering by micro fields
an be ouminated. | ' R

cIn elactm-atm intav'aotmm. the relative collismn veloeiw nill ma:rly
alwaye depend on the electron dietridvution mmn. Ionization is the maat cnany
detq;bed initeraction and nvoaamcts.em for euch ovents ao tumt}.anz ofoleetron |

enerw are mvt mailable for & hast of atcns and gome. wm. Because of the
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- grope=gection veloelty. clayei:dcnee ionization rate coefficients Se = 0 (%) v,
camputed for Maxvellism velocity ﬁis‘ariimtmne, have strong eleetron temperaiture
ﬁe;ﬁmm&eme for T, é eV the donization thresholde. At higher eleotron temperatures
'bimmé is relastively 1little %eéaperam depondence, Fgé beam émbﬁ.ng— of olectron
‘&eéapérétm, one therefore requires eseparate knmsledgm of the eleotron density -
awl o becm wi‘eh an ionization thmshsld areater than e %empemtm:e o be
neasmeﬂe

Eleotron temseramm mmswwaema have beem made on stsuarawr dischargese
with pamewim beemp of about 3 Fev, For typical stellardteor discharges where

M, ~103

the Irae imimtign erosse=sections for heavier ali;al:is affcrﬁ good
a@nsiauvity, wheyens attenuation of heliwnm beams of sush emrgea would be
ﬁxtmly malla Since the potessiun beem ig detected by aecsndaxy glectron _
ami.ssicn, %hfa ‘heen curvent is modula%a a.*a WX E with bun&-ﬁmss detection o
@1&@15‘3@1%% ageingt emiasieﬂ from plamms ul?:“avioletz lights me microweve
mﬁmmemema @:i’ eiecﬁmn doneity angd potasmm bean at%anwztian one oo thezyelfore

golve for the eleetmn ‘enperature.

TASERS 8

L xascm for plasms diagnostie noasurenent are-"beemamg 1mmsmgly pcsﬁmlar.
The mt viégomualy purbued experimsnta 6{@9@8&& years Anvolving pleenas and
Aagers hmm beeu effar% toward observation of Thomaon acat erfmg of tha Imer
phmms by plamna electroms. Alithough such esperinents were always pcsaihlm in
prineiple, the smallmess of the Thomeon ovoss section (~ 6 x 107 25 o )

\‘ roquired the imtroduvetion of iﬁa@m w0 yrield sulficieont seatiered pmméa

- mleﬂ;ive § %] Es{ekgmwﬁ 1light and phototube=nodies to glve meaningful resulige
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" e ecsmzareﬁ spectrus dependa on a parmter ol defined osthe ratio of

4 mbye aiazame m the wavelengﬁh of the smmazdal plama dems.w ﬂm'mwian.
- -'{Ebr RN cohnmt pPlamaa; oﬁcimﬁsn cun emt that give atmtm to. the
‘scattered eleomamﬁic wave, the oea't"ézl :u.ne of m:at».emd raﬁiaticm haa
ﬁiﬁ‘!;h charaeter&.em er ion mppler bmadaning mﬁ m ntalhta hms nparaud '
A'trm :u: by nypmxmataly “ﬁhe plam froquency & wp . m;der tman conﬁitian& )
the aleotrom%naiw canbe mi’om'ad from oop . m:; o << [ tm].y a cantml |
‘ pemk of watmmd rediation ie obsﬂrveﬁ wi:ﬁh a width eha:rac t;er;!.atie of eluctmn

thema?l mts.@n. Ahwlmsa ing emsny meaeureuents om yiel& the eleetm mm:tty.

!!br lmirosan pkma d is gﬁmn ia tam of m&tmriug rmgle 9 ag-

Cwere A ‘A6 the melazxgth ot the :!.mident radiatim 1n mmmmr? y Tie e

" -"'aleetmn des:wiw and Te the el&cﬁmn temperature ( T, - T, )inev,..

BRRNS wuhin the lﬁmt few years nony experimsutal obgervations have Mn mpertnd
‘ maaauring tha ehcmu tenperature and the density in plocms, Recenﬂy Kmnast
(i%ﬁ)sﬁner (1966 ), Yoseldi et al (1968) discussed 1ts appmamn in the m:.a

vai’ pmm a:}.a@oatiem o N S

; &lﬁmugx it aypem ub.at m Tew: xds are patentmm greaty %m&oa

acattaring in o digriculs experinent at beat, requlring great cats 18 mininising

the backgrom a-- Lo My laaera operating in*tia slant pulze mode snd ﬂalivax‘s.ng
tena of negmatt& a:t ‘power are m&esszm to resolve the acattered IXMQ -
in 'chn atudy o:t’ plama pmpertiaa m@m have axtanﬂed te amther dmgmltia

netim&e«, ﬂ.ntarfeme%ric me thode; based on maaummm of the x‘mmuva index
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of the plesmn, with or without megnetic fields Mary eﬁ:pex*imeﬁ"b‘al obasrvations hes
been roporied { Gerardo & Bexdayen, 1904 Hognta, ".1{966 $ Johnson, 1967; Fonleiws et al,

1967 znd othera ) measuring plasma properiies for iie 169t few yearge

" BADIOPREQUENCY CONDUSTIVITY _METHODS

‘The s'w of the eleotrical é:&ézcﬁarge phenomena in the atesdy eiate bypme'azh
of a rogiofrequency olgngl a8 & probe was fired sugpested by ‘*.féngim; es (»‘#919 Je.
It o mﬁiu frequensy volinge, not sulflecient 40 causs the m-e»ak:imm, ‘be applied
to an icm.zed gugy then the refe currsnt 17.{ that ﬂmvé tHrough the #e8 iél’

2 ‘ l/Q . .
A A I o B

waen n is the mumber of eleetvons per ce of the lonized mediume & and n, the charge )
' j ot

and mags of the elaciron respectively; X, eJ the applied refs Tieldy W the amgular

frmguency of the applied fieldjp Y the collistonal frequeney of the slectrong.

Hemse the complex condustivity @ 48 given by |

T - IY.j: —~ € mn )JC‘ — 3,__0‘)_. ]
X, ™m o+ w? V& +
and assuming OZ. S (1-5)
. '
g0 that = g = AL
v g2l RVAE AN
Lo 2
anid a. - € Fn(*)

m (e ]
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It 4e thus seen that ’b@th Jr and T are

i.i) electmn aewsi " {234} the eollision
{ W 'S

. fmmtim of pweaumo he Vulua of G 1o masd

s by me:muring ?&w conﬁwﬁivaw of

3634 the cleciron conceniration can be obiained.

air was menpured by Childe (1932) by SubEEs

for the leakage resistunse Bf th@é doniged
1 Hcfo. Appleton and Chamman (1932) studied

conductivity of donized alr with pressuve &

using & Ischer wire aysien eongled 0 3he oo

tube was placed, the radiofrequency current

functdons of (1) frequency « ,
frequenoy Y. which is itoell a
wim when' 1/ - ' 4n which' cass’ a, [a =

o donized goe in s high frequency
The eonductivity of iondsed
bution of o resisisnce of known value

3p the oepilistion frequemy helng

the v&ti&ﬁen oi:‘ *hhé fad ofm@mmy
b freqw*wlﬁ»ﬂ of ﬁm mﬂer of 1000 P&:/mc.
éeaser within whieh the dischﬁrg@

;;e.mn at-ﬁe& by - means e*" 8 galena

oryetal ond delected by the ghlvenometere Ab the conductivily imovesses, the

- galvencaeter deflectioniile end Appleton

and Shepaan obeerved that the

cowiuctivity etteins a maximumm value at & cerdoin préosure and then Gecreases in

accordance with the theowyy but they iw.ve £4

confuetivity for t the gas mven‘ki@atea.
of sulphur dioxide cnd xenon by Imem end K

10 = 120 s, of meyeury uwsing r&die wmrea fu’

A r@pﬂr@c& uny &baéima value of the
namely éim; Similar pludy was made in ease
m‘em {1937) in *the‘ ‘presismva range

L’ ANm 491 cms omd & Sacher wite systems

Toe simple theory outlined Bbove hro bfam medified by Mevgenau (1948) by

talting into conmideration the aistribution

tranopors equations The wodified exprecelon

of velcoitics ond employing Doltzman
for O ig given by

. ) | . , |
a = % neAe (st +  TLE AW Ae Sinwt
Jammk T, 3K T
| o ~\ R
fox valuer of U Yy W (" )

Inter cen several authors aevempm the thsory considerably
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Dawaon and Oberxman (1962, 1965 ) have developed an slcmontary model 4o caloulate
the high frequency elccotrical conductivity of 'piam RoleBerk (16564) W how
the plosma méﬂel of Dowson & Oberman can be adopted o yébﬁ;.td a kinstic desoription
af olectricel trenspord pmémea, which 1@ unifcm]& valid for high and low
fmq;zemy theoricn, as well ag for finite wavelengthSe. | |

The theory of the alectrical ccndmﬁivﬁ,w of a gop which is either fully
donized or weekly lonized has beenvell esteblished fYor o mumber of yearss A:i.t}wbgﬁ
the condustivity of a ﬁammzw ionlzed gas i quallitatively well wnderetood,
very littie quantitative information exisis, principally beoouse of the
z_mwmtmm camplications which arioe when the electronmeleotron intersotion
16 inelule in the Boltwman equation for the slecironiclocity dietribution
fupe tion.. Vecently Jolmsen {1967) caloulnted the olsctricnl conductivity for a
variety of azsumed eleciron-molecule coliision mfm@mw. The resulis differ
by only & fe,w, pamém; from thoss obinined ueing an appmximtwa Buggested by
Troot. & sizple procedure, requiring no mmerical integrations hee been given |
relating electron temperature o elestriéel conductivity for e portially
doniged gade Sen md Ghooh (1966) siudied ‘me prnﬁarmea of ionized gases
amaﬁmmany'bg using rediofrequeney prove. The radiofrequency conductivity
{ g, ) of the ionimd alry and nitrogen huy been determined at vavious pressures and
also ol” vawiows vVokuea of dischorge wwxvenl, They @ Obsexved JTRod™ J7 imoveasren
wiih pressurve and attalning & maginum value graduslly decreases. The moximum
value of T, oceours ot the samne value of @esaure for different discharge
surrents :fdr the some gos,

Hagata (1966 ) pregerted a pimple technique for rmasuring the plesma conductie
?ifé\.f, The method is based on «.-,fag observation that Bail current snd Hell voltage
are related sinply to an eleetrical resictance, This method may also be spplied to
the mmgurvemant of electrondnsity in high prosoure | plasma. An joproved probe

method of mesfuring the clectrical comluctivity of low ftempersiuve plasms is sot
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_out by Ri:ozhablav and Yarin (19‘66 ) They ,pz’ésanted ‘remrimntal'data regarding
4the elfect of layeu near the eleémdea on the probe maﬂingu. Repently Clempl
and 'razm (1267 ) measured the everage plagma conductivity by B L, pmbs,
for_ :a‘::cy:.yx‘l_xiaall plasue essuned rodially inhomogenoude They obteinsd the -
'-éivé'rage conﬁmt.tvity valus from 75 to 100 mho/m with a § faotar mengurenents
| fam o5 to 1.5 WH,e The probe md An eanbm‘aed with elec zrolyttc solution
"(a,_, , ) of standard conduotivitye |
| Z-‘rel & stuﬁy of the comphx condwtivity of marcury vapmzr a‘!; microwars.
r‘fz-eqmmie- Adler (1914) has shoms plote oz, 0, ani Ui with current or pressure
__when the other is fixed. Uﬂim the theoretioal exprecsion of Earganau, Mler
'..ealaulatsd values of the alectx-onaensity in the diecharge space and cors'pared
. the valuen umm obtained with those cbiained axperﬁmemmm us_.ng Zttm.gmir probe
| _naamrements. Hdler zmm that. the theomtioal and experimental veluce agrae
.Ecloae]y end thai: 0 varies linearly with the digcharge currents Recently
'- Alekuaadm and Yalsenko (1965) stuiled the complex conduotivity of neon plesma
-hy the Q mter methode The resulis are given mgcmiingg meaaumments of the aetin
and reactive cwponenta of the ¢cnﬂwtanca of th@ parallel-plaﬁa uapacitor
ccnt&miua beﬁnecn 1is el&ozhmdes the plasma of a positive ies diacharge colimm,
The mQuemy range was o5 « 25 Mo/sy the discharge curremts were § = 100 A, 20d

,vari,pm_gan pressure were useds Experimental results are in good agreemens with -

the ‘theoretically caloulated valuese

| EFFECT O MAGNETIC PIEED ON.THE CONDUCTIVITY OF IONISED GAS.
: ' Since the prefence of n magnotic field. chonces the verious charasteristics
of & discharge, it 1s natural to supgose that the cwﬂmti;viw of an mnilsegl 68

will :e,lso chenge in presence of 8 wagnetic fleld. Confuctivity of lonized guees
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swoh 88 air, nitrogen and hydrogem in a mognetic 614 ves mossured vy Iorsacu
and hul ( 1932) for pressuve greéi;er then 10 mte of Hg. who found ‘f}mt moxima "
cthoy than thome due to free eleotronz could be obitoived. YWith vary intonee fields,
| only ﬁhe vibraition due o freec electrons remained, the others aieappéézing am_'

the values of the mognetic ield giving maximm conduetivity variéd with pressures
A ﬁheory regaxﬂing the vnriatisﬁ of raa:!.ofmmiemy conﬁwtiﬁity with nzgnetic

ficld was pnbx}aaed b,;y Appleton and Tocharivala {1935 ) who showed that the zﬁal

part of radicfrequency conductivity in & mognetic field in glven by

. 2 2
_omer i (etrey v ) (1)
¥H . X T\’\ ((LA)'\__'_ w:+ ﬂcx)z,_,l_\ (A)L@'é-

‘
whaxe n ig ths number of electrons per wait volwss and i the Gollision frequencys
0 48 the angular sraquency of the mppiied field and ), = €H/m o & general

. theory regerding the vardation of redicfrequency candwtiviw of mniud o;asel

Al 1ts vari.atwn wiih pressures and ma@ietii field hns been worksd out by
Gilavdini (1959 ) who derived the expression for ihe conducﬁvity of an ioniud
e under the fol:ming assumptions ¢

(a) When the distribution function Aspredoninently npherioauy aymetrical in
Veloei‘ay space but mt neeeasrny Maxwelliane

(b) ¥hen the nlue'cron eoilieion freguency is an arbitrary funntion of elsctron
veloeitye The value of the ocmplex conﬁuntivity is glven Ly

g = 627’1 . -
™ )_/c + J,w

In presence of megnatic field he defined two conductivithons a conduetivity d,
for the right handed polarigation and & conductivity O, 4 for the left handed
polarization where ..

€27 !
a - 1

‘ m. -UQ + j(w—wb)
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S | ‘

' - em ‘
& ™ ' }jc + (w+w,e>

and the conductivity in the direction of the field 4o given by .

.

G - glora)

C

,AE _1(»)-@@ S W+ Wy
| N S Ry
' 2
a .. - £m Ve - Y,
v ™M [1}"- (@ -w)* U+ (W W)
anﬁ after aﬂ.mplii’ioation 1t reduces to the result obtained earlier by Appletan

e*n [ Uc ' 4+ S,
™ | uc1+(w~b5)?* "1}1+ ((,3+wb)7"

and- Bochoriwalla,

N mmﬁ on eeireml authors { Wu, 1965‘ Gbeme.n and Shure, 1963; Schaaitzir and
mlchner, 1967; Green et al. 1965 ) studled the foniesd £98 in presence -of magnetic
£i01d and ﬁeveloped the theory eoneﬁ.derabh* '

Ii‘ecem'.!y the canplex oenﬂmtivuy of o plagme in a steady maguetic ﬁel& has
been atulled by Pradhan & Des Cupta {1967)s 'Bhey heve derived n experession for
tha emplsx eenducuviw temmr ofa hmngemous ¢lassical p:mema in an external
uxmtom magretic field um,ng the Rubo ‘meery af tragsport phenemem ond have
obted.ned exaa‘b relations mmmen the ‘conductivity tensor in the prosence of tho

nammc Zield and in 41 abaeme. '
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B, ELRCTRON MOBILI®Y 1§ HMAGHNETIC PIRED

 The pmmard.ng mrk z\ebamin,_, the mbiliﬁy of elec t:mne in various g&sec was
dane by Tommﬁ and kie coworkers (?mmssmﬂ & Tizerd, 1513 % ﬁammtamm the
‘Mve& ﬁnwmat in the neasurenent of traaea;mrt oocﬂ‘ioiemn for low energy
elwmnz ﬂriftm; and diffumon through goses st presrsms remging from several
tarr to asveral hmﬁred tory (‘ia Dmiel mfﬂrences therein 1%4 ) 1it63e work has
bemzz dczw io =24 o tma earl‘y- work,ui-’ Townmm and 1te extenalon by hig
canaa ms 0 e mxnbaem of other gesve ( Hesby ond M 1941 snd reforences
mmng Townsend 1948) o \

The ;earl:,r' experiments were designsd epéqigicgllgr té..xm ;we the c}riﬁ irelmity

‘.}he ‘dma éetemimﬁ from themv'were wndque fo¥ mey .yém. In i’aat, haaama of
Manantal limitatiou te time of ﬂigh* nethods the ,mly avaﬁmle data for
a:s.ecmn drifs velocities &b high veluss @:f ¥y (mmo of electiic strength to gas
praa ;mu ) ave those derzved from’ awam:ma of this type. lowever, se hos long
been ma:umi {Dormaens 193‘1'.) Wm ave difficultien in deducing precise valuse of
drﬂ.i‘t velaa:!.‘tw :Cr:n theie meauremmtsa ¥hen the mmad was ﬁmﬁ applieds Zownsend
- dwmc& a n:&m;yle relation between the s.nﬁk.r ﬁeﬂac*t&m uf the strsan ci’ sleotrons
amﬁ ﬂm dﬂ.ﬂ val&.ity by assumim; g8 cne. m" seversl air:pliﬁea x,iansa, thm“. #il
clec’émm '.Ln '&he gwtsm hove tho sege &grba*ional apeeaa Subanummﬂs m vies shown

(Tmmaem 193?) thaty 1f proper aacomt were tmn of ﬁh& aia rizmuicn ol spreds

o wwun the ey the qrdfs velocities dedused from me simple formula hag o be

nu:!:bipu@d by & factor meerly equal t0 Wity the mam%uea of the fector deprading _:
cm the foxm of SR2TRY ﬁiatribuﬁm asmned. Bepause of these ﬁxﬁummﬁs of
intorpretation it ie not amrising thm ﬂm eerl.,ex mthoﬂ wog- ouporssded by the
more direct time of flight techniques 2irst used for ele:etronn by Irodbury and
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Nieleen (1936 ) Al'ﬁhégh‘ e limitations to the scoureoy of the dnta obiainable
with ﬁxese teaimiemca heve not &lwaara boen aypmciated (ZBtmem, 19573 mm.
1962 ) 1% u in most oi"ama‘hmew poscible in principle to produse data of nigh
aumzrac:y. whamas the me-ahca of mg&seﬁm deﬂeetion is cupeeptible to curmm |
, peraentaé,e of errcre ‘ , A i
7 With few exceptions [ Hersley 1938, Hall 1955 ) the me thod haa»::ee:{
éﬁm@za "for 'the’masnre&ent of eleciron end lon mobilities bub.an atte;;pt -
was made by Huxley and Zsazou (i949') ‘W0 explolt the technique o & tﬁemm of
l; ;h?éatigaﬂna the' gmmzmmm of v@léc't;mn“’anérgie.s*in‘ﬁfém exporimenite At that
‘tiine, ‘a8 has alveady Doen pointed outs 4% was reslised that the true drift velooily
A eculd be. ébtaim& i’% ‘ﬂaﬁ &rirt veloelly Uy mn@axu:;eﬁ v & magretie deflsction
| teemﬁqm ondy, multiplying it by a dizensicnlese f»ctcro Congequently in the:!x pepar
‘Hexlay aud Yeszon (1943) acmy&mﬁ clectrondrift veloolties measured by mmm
o am Nieloen (1936) with vamea- of U, measursd by & naw me ma bagad on Tswmena'u :
' erigml me%m& and fr%m this comparison drew some conolusions mgarding the -
- ‘amnrgy e:ustx'ibuﬁium of tm elac*'a:mn.. in fhe range of . B/P values over wiidch the
Gompsiviaoits viere mades _, : o R
| bzzbseqwnﬂg, rﬁmley (‘8969) ﬁprivaa a rigamua relationshiy: hatween
: @m’z Y, aac‘i %huweei m.ua %&m eoed iawn% g m “the ‘-*eltx

v, = c-_UM__.. o | (1 8)
A depenﬂa di:wctly cR the varim;mn of the mmrmm bransfer erose mtism wz.th
R elae 4rOn eMRTEYy ‘68 well se maivecs:ly through 1ts effeot on the ziistrﬁ.bution of
: eleetmn oanergye The uhﬂﬁ)l?f am:i mchanim wee however furtimr atudiea by mam'

‘Workera. Fromy and Phetipn (1962)y Engelhiordt, Fhelips and Rimk {1964 ). Jory
(1965 )y Flfora (1966)y Compton, Flford am, Joxy (1967 ) and others,
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- 'The effect of megnetia field on. the mm;litiea of charged partioles hos been
smﬂied by ﬁ'ommenﬂ and 6111 (1938) who ahama that the msbiuty of the chamgpd
partielca :'m *he dimc%:lon of the mm H 15 reduced and is g.m by

/QQH”’ L e % ‘/u‘“"';“rw},jzm
We '=€ H/’Tﬂe . R LW = QH/W\-"' X

wne:ce /Ueu thenobility 58 cleetions in 4a ebsence of magnetie field, © uw
electrcn chovgey me the electron masss, W, the wfmquemy of electrons snd T
- the eonieion time baﬁwan slectrons and neutrals, The pame motations sre valid
for ions where | 4s used os aubaczﬁ.pm Elcvm i Heygon ‘-1958) considering the
tulk properties of electvon avalanchics have a«a&maﬁ thag

/'{,l,eHg - /uel” L L (1 "0)
| L+ ¢ HY PR

‘vmam 1?1 - [e L/m u] L denoting the mean free path ai the vleotron in the gas
| 'at a gmaamn oz 1 m. o nereury and W ﬁaxmﬁwa the randon valmiﬁy ot sm electron
in ﬁxe 3535. It oan 2asily be showm that _.eﬁmaﬁon (1',9)@&:1:&3 tﬁ_'qqaation_ {110)

| if & eiople calewlation iscarcied qﬁtg fThe Getermination of sledtron mobility im

‘ mmmn of the mognetio :fiéld will mum “the ipteraction of the fiels with the

mﬁéﬁn of :ﬁia élea'srorw and will enable ue %mwarify the theoretichl ezpression

‘ﬁeumc«ad by Toemsend «»m& 6111 {1957) end Blevin and iﬁa,ymm \».1958}. Further in case
| cr.i? hmxﬁcm mi? #08es e:mitaﬁ by raﬂicrraquem; valtage tixa loss o3 elec: Lrons Lok
besm va.scribcd %0 mobim“&y of the eleat umna aod henoe in presence of magneiie field
the ﬁemmmﬂuen of smbility coeffiaiem; will enable wn to calouvinie the hmalnam

sml't:mge ﬁxetma ticany
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, I,Tne meopurenent of elcotron modility in\;meeema of mage t;;c field becomew

_ @ifficult s the mobility ofcharged purticles itself ie moasured by magnetic

deﬂéuticn mthoﬁ. Zhe present authore have studied ﬂm nobility of ehatxm'u in

prmence of magne tdc. 1014 by two girferent (mz~er indirect ) methods and |
iﬁm the treory given by i’mmaendn and Gnl (1933)&1:1 Bihvm oand Yaydon (1988 ),

LO0W TEMPERATURE PLASMA DIFPFUSION INNAGHNETIO
| | *1ELD.

Ordinary diffusion of electrons t?:n& ions sCrous a4 magnetic 'figld iga coused by
collisionse The classicsd binexy ooliiaim difi‘ueion theory (nozmal diffusion
thmw) which ispesed upon theleaw‘ticn of motion of charged p.a“t:.cleﬂ is
Holtzion's eqmﬁim;:m ;;:adicts 2 greatly reduced difrfusion rate in the direstion
. across 2 strong bagnetie field, The theory hes been confirmed by experiments
with low 'tgmp.emtu‘w glasmas, crﬂy' under restricted canditior;s;

he deve-ioment oif this subjee"b juring the j)ast decaﬁe. has becn highly
ini’lueneed ﬁy the pianéer.'woxir. of Epm_, Eﬁrhoﬁ:_, ¥Mamoey ond ﬁ‘:!.lliaias and their
. eallaborators (1949 )8 |

Zarlier reviews of thie Wpic have been given by Simon (1956 )y b=t Iumt
(196@), by Paulikss (19&2),1)3 Hob (1952), by Foeschoten (1964) and by Grapoveskii
- (1966 )o 4n extensive discussion on thebe problems is elso due to. Lehnert (1561 )

- The binary collision diffusion coefiictent of charged paréleles perpendiouler.
to » hompgensous magnetic field  has been given by Townsena (1937)
Di L E De

Dy = ' % ) Dey =
_ " w%}g’i ‘ L. 4 (JOZV ’7;2

| wi = € Hz /T‘ﬂi ) we t e‘H‘Z /'ﬂ’le <ml)
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where D;is tm aiffusion coeericient of fons in-the ahséme ar‘"d‘ﬁaéﬁetm £101d,
e %ha&leemn charge. m™; the ion maeag Wi the wratmquemy of imw. and T
the collision time betwaen ions end neutrels. The eume notations are valid for
ele@t_mns where'e'is used as suhsqript. Hore we mainly confine the discusmion :

0 & wenkly & &n@ﬂy ionized gas in witich :cmfly colligiong wi*fh neutral particles |
ave iuportonts A rigorous treatwent of @iffusion coefiiclents (equation 1- noo)
in sush & gae hos been given by cmz:maa end Cowiing (1958)s Golent (1960) has
oxi;emdea tbelr celevlation %0 wluﬂa the aﬁect of elsotron=ion :Lntemctﬁena.

' DIPEﬁSI{)ﬁ IR ARG CHAMBEHS 3

' An arc of eome smperes is struck ‘between the filsment snd the anodes
'Imiza‘bion tdkoe plece in e, calwn continuously, and tae prcdunea charged
: p.zz'ﬁclaa &iffuse ‘radislly out warﬂs. ‘These. form & aemwndary plﬂama bm‘ly, having
g fsempamtum upta 2 eV, aronm& the arce In gemral. elee?smn neutral and don
'mutml aammon dominates R | |
Theseeanﬁm plﬁma bedy ia lf.e::ot in a steaﬂy smm, partw by ita diffuaian
- al@ng the mamuc field with subssecauen% mmmbmtjma at the walls am’. partly
i):,r mﬁial é:i.ﬁ.’usien acroes the magnetie fle:’\ﬂ. %viswly. ﬁva ckmrmteriati@
| e faldine, :lmg,m X, ? Ia,y which i;he plasma aeﬂsﬂy deeaye fadiany, dep&n&u apen
| }kha ra*ia betmen the diffusion mke @f 'me aaccmary plagna alemg mxi wmae _
: ‘bm m&gmﬁc fmld. ma valuee X ean be obtained by meamrmé, %heion-demw
| diﬂ*&ribu*mn with. probes. With these valucs, the trencverse diffusion ‘
cosEficient of ions con be de‘caminaé and amp&red to that givm in equanoa (1o e
A corvect apﬁmach ef‘t&w " Hoymal mrfmian Thww“ aeemngly ai:aple, bud
in mamw a very complicuted, prehlem wos firet givea by Simon C19§8) ond
then by Zoarinov (1960 Ja A more dotailed amadysis of this problem has been
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giv@zi by Tonke (1929 )y ¥ appmmn&ﬁ the problen by aﬁuiming an approximaie
‘ Bul‘amam eqmnbrim for the eleoirons along the magnatic ﬁem, but alluwea a
amlz. ﬁe‘f’iaﬁ on in th@ poteniinle

| With 8 asriindrmal g;eememy r?eieiigh an(i Simon (19’.355) were able o show thet
:x,,‘ S ‘/Hl'and tat X, ' R 16 4n accondance with m tasory of
éimh. At lower pmesuwe, X oc : ‘/2, - wed found m agmemamt with Tcnm.
As caiculata& fron eqwtion (1:%1 }; Simon claimed & aatiefmww agreensnt,
aurther, he ;»t’mma afndlar &gmemn‘i: from J’%ohm 's data, ﬁimm (1958) conoluded
, that plesma ﬂ&ﬁall&ﬁ@l’iﬂ hove 14 ’s*ule ei&em on diﬁ.’u;aim cmﬁ that no dredn
Aﬁi:;ﬁ'f_.ua;icg mac%z;mism peed ba proposeds.

- Letery Boeschien angd Selmﬁ.mké (1560 studded the tronsverse diffusion of
‘eleamﬂs and dong in a lzmge azﬂii't mbe imerteﬁ in n mopredie mirmr mem
}vuisl;a a &mz mimr ratics The d@pememe X oC v/ B, wae fcuna in
amemnn‘b ?Jith the obsewatian by Siﬂon and. Eeidighe ‘ | .

Inetem?x @f imamtmg nmbm :i.n‘s:o ttm ploema ‘bedy, Zharinoy (1960) mounted
.-'h:w pwobas ouzaida the plam. iﬁchwgl holes in the mmae, eleetron a:sa ion
,‘eu?rmms alang ““he camszpondmm .'lims of Porece could be emllee'aod. ﬁe Amma
'cﬁ'zm ﬁe ewc'?srou cm*v'enm 13{3 ‘:E'ze *:o*abna ware muc’%. :Larger than ﬂmi. predio ted
2 Mm the elw*ron fis.i'ﬁm*on coef:!.’ieient in eématﬁ.m (1 11 Ye Thoy sa:um found. that
' thea e‘iw ron, prabe current euﬂds«m,y :mcmasmd; by an order of magnfl.twie a‘t 8

ceg:mm e_x'i*smal magnetic Tield, whe_xfea;s the ion current remained mﬂwmﬂa' _

i?ms’xéﬁ m fcaffﬂﬂzvf%‘ COLRY s |
In eentr&a:\.ctmn %0 ml am plasm, ma mﬁial denaity aﬁ.si:ribution in [
) eynnirieal ms&ﬁw oalum m@rg&d ixa 8 &mng axdal. mgnetic ﬁ.em iR
"i.nﬂez;eniam of the m&gnetic fie‘m. Nevertheloes, the p::l;t ticm ﬂm 73 *zhe



w3 T4 3t

wail g:eeauy dec:mases &8 a consequence of. equaﬁon (v “). The m&meﬁ part:!.cu
: :wszs mflmts 1‘3;3815.’ in the dmmﬁshea rete oi’ ion electmn pm produations ﬁ‘hiu
: m%uims a 1owar clﬂc'zmn tamperatuve end deemased axial electrio fielﬂ. ’mu-, ‘
- the tr&.svarsa diffmian eaetﬁciem can ba eeﬁ.mamﬂ i’m themeaaured axial
eleetric ﬁama » " |
| uchotﬂw‘a 'e;aeary of pani*.:ive coltmn has beon extended by "‘mﬁm ('4934) anﬂ
by mckertm _—— hml (1956} %e "inciude tha influema of an axinl magmtto
fmld. Im:er ..;ahnm:‘t (19‘58) regarmasly m—axmﬁ.ned varmua ‘appecte Of t}m 'cheory,
a5t :m_, i’m tha m.acrnsccpie aqai:iem n:f *}m motiaa a;f chaz*.gea partmleﬁ. s’&w
;camspmminm extension gf Im:@uﬂ.r and mn!:'s theory hae mn carried out b:f
..Ei@kﬁrban e Vcn En,;}el,; who 340" exparimmauy vorified thoir’ uheary. Hon {1960)
zaamz 'tne sma initia:i wmmptmna am ‘:sho% lia ved by m}mert, ‘to writa the basic
equut ous in @ puiteble Yorme - . B ’
: ..he elect:mn %ampemtum aweaam 8 s ma&uce ‘Bha raquired ianizatmn ra'an
5 '( ) may be obta.maz fmn a relmmr: g&van by Von' rﬁngal and Sﬁeeabeck (19"‘5; B
@ On the o'ﬁmr hwi, tm zm.a.l elec“ﬁx‘ie field Ezia alaa t:omeo Leﬁ wi‘m elmmn r
" tempemmm ﬁwcugn the energy balemce relstion; i.e. the emm*é,y ga:m of an
elac ”mn in m fiuld Ez befamen ma aall:w.mns she‘u:tdg on the avez'ae:e, eeméenaata
) wﬁ. vauerw 1:3% of m» electmn in a collismn- Beno‘bmg the awme :Lx'amﬁ.onal

ewr&r ioms af tha elecmx in @m celliamn by Ke ( e) ’ i’t wes mumi m'ﬁ

' Ez __ " (n )VL\ [ K. (TQJ ]/7“ lg ;\;o | .' (112)

whove . is the eiecmn man free pathe 'Zos above equation isﬁ?ldt%eﬁ by using
Ke (“[;_] function given by lehmert (1958), end by Hoh and Iebnert (1960) and

'woammk (1950 ). The amf';'!?'wsian coerficient Do, ie now expregped as a m_tioz:



o2 £, via the functions 3(T) smd K (1) I?aaentiam the effect of an
axinl pegnetic ficld B, is to deovecoe Do, T end hanca, also £,
' The use of the axial electric ficld ae a neamra of tho radiel dirfuaion

haa been criticized. Firzstly, it hap been :jpeinted out that the exial electric feld ‘

19 o rather imemit_i% meeasure pf the particle losaes (ch.nért‘ 1958, Koker.G. 1961)

secomdlys both % (T.) end e ( e)' wers culculsted asswing & Eaxnlliau

distridution of the clcetrons (mmrt 1958, Von Bagel 1955, Seker 1961 )m leen

sugzested that wse of the :*aaml-pstentigl distribution provides a more sensitive
lathqd for the study of ragdal &ta?fuﬁon.,
~ . In spite of thése factey exporimonts with & heliur positive column in &

megnetic Tield chowed good sgreemcnt with the theorye. 4otually, recent probe
"mamremeata in the esperinenta of v«:n Gzez'ke and Yohler (1961) showed that '
‘ the electrm velocity distribution in & h&lﬁ.m positive ealum is very gearly
Hoxwellisn and does ot change very nuch with the mugnetic fielde
| Barly experimemts by Rohklin (1939), by Cumings end Tonks (1941) and vy

ﬁe’.chruael and  Spiveak (1941) of the pas:lﬁve column in mogne tic ﬁems svailable
~ were found to give results in agreement with the theoriea {Tonks & Tengmuir 1929,
1939, Schottky 1924) Iater, Bickerton md Voﬁz Pogel (1956) showed that the
popitive column behaves in accordance with ihe nomalediffusion theory in an axial
asg;mtic field w to 560 gauas.

In extending thwe experiments to Btmmger nymetic flelds and to longer tube
lengthe, lshnert (1958) made the imporiant ﬁisamry “4hat the positive column
Mdaaly became 1mstable ind that the transverse diffusion Mmmd grestly when
the mcial mognetie fleld .“.o‘:meedeﬂ a certaiua'nical vnlm,

| Hoh and Tehnert {1960) meaammﬂ the mal electric field by the probemy as a
funation af‘ﬁw magnstic field axd when conpared with the nermal dif'mmi: theory,
. ﬁze"-*bbeo;ry b4 37 tilc emrimental valu;r qv.wnt_i.taﬁveiy upto & certain oriticsl
."'::na@é*tig fielde | o
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The depenﬁmﬁal of the eritidsl mognatic field on the pzmsmire, tube é&ﬂius.‘
difforent gases, ool the end effects hap been explored systematicnlly l{ Hoh &
Tahwert , 1960)s From the curvents collected by probes dnside the plosma,
Vasileve and Cranowskii (1959) found some kind of spomélous diffusion by mmg .
pm‘be teéhaiqwaa. | , |

,_-v-';?fith Bterec=stresl photographn, Allen, Ponlikas and Fyle (1966) found that
the cm*renﬁ in the pasimve eslmn concentrated in a rotating screw shaped
‘fch@-xmel vhen the megre tie iel«i Just paased ite oriticel value. The mﬁaﬁan&l
fmammy and the wﬁwe‘.lené,th ‘of *?:‘zh@ helix, as well a8 the eritioal mugmetic field
mmeured thersby, were of decisive & msz"tzmce in chscak:m& ard eanfiming, the
theorstical predistions made by Hodomloev and Hedompasoy {1960)e The critical
£ield méésumgi under various conditions wae in good agrocment with previcus
experinental results X%i;z-& Iehert 1560 ) Mﬂwra the redisl yétcntial
abaewed also seoms 0 zagree with theorotical preéictiena (vion 1962, Jonnson &
Jexde 1962 ) N | '

‘Tn a :m: px‘esmua 'PIG disehavge, Honnsl, Drifford, Oregoire and Hanus (1%1)
| zcmm tmt %he :r‘adial mleus diffusion ﬁmmasad again with mmasﬂ,ng magmtic
ﬁalﬁ a'i: magmetic ﬁeiﬁs much larser then the critical fia de

B.;rthw,_ 1o mm‘*ﬁm@; mmw ghaped ow'rent chennel was obssrved in contrast to
other experimentals (Allen et ol 1960, Johnson & Jexde 1962 ). o '
| " Von Gierke and Yohler {1961) huve sxtented *Lme_ sxperiments to include the
effects of additional refs Lonization ( itm Mo Jp ml;‘.eo}.!mulﬁpalar m@@m‘ﬁe
‘fieldsy and & pure aztmuthel magnetic ficld. Johnson and Jérge (1962) atudied the
‘gerew ingtability in & megnetlc Pield thet emoothly roge to its full value in a;

tine of the order of few m&llieeeaﬁda. It wap found that the eritical zegne tic
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| Ticld ohmwed wsg thyee times highew tiwn e ccrmspouﬁmg, static oritical
megetic fiem. They suguested thet the rs.s:im' maéne'his field iw&mea o
ezimuthel electric field which deprecsed theonset of the inetabilitye Purther,

3f the static sxial ale;ctric Pield were repluced by an s.c. field (Pauliksr 1961),
_ the dnotability diemppecred when the freguency of the n.c. field wae 'hﬁ.ahez_' thai
mmé tens. of K Hz ¢ A3l these obmerxvations scem to be compative with the secrew
inotability theory (Kodamtser 1960, Hoh 1961, 1962, Johnzon 1962) although

8 damleﬁ prodf hos not yet been given. The sérew inctabllity also wecms 1o Le
operative in heavily digiorted gecmsiries (Eﬁhan, Hoh cmd. Tehnert 1960) and seces
o be obaewe‘sri in comnection with microwave messuremenie of the electron
temperature of @ positive column in mugnetic fislds (Hrown et al 1962).

A pew wethod for amsﬁnmg elseiron diffusion coefficient has been introduced
by Jurst and his eoworiters (1963 ) at the Osk Ridze Uationsl lsboratorye. This
methcd differa from ‘.Eﬁwmmﬁ ‘e (1915) in that 1% requires puleed rather than
alésaﬁy state operaiions Tne‘teekmiqué ditfera from. the Towmsend and electrical

mt'aer e thods in that 4% permlts the aimmﬁtmeaug indopendent evaluation of
both ghr:a drify *mloeity and diffusion coefiiciente

' e ﬁhmw and maewmiem vias however furthe studled by many workerse
" Granovekii & Uragekov (1964 ), Mouthamn (1965 ), Crencveekii (1966), Sohwiruict
(19&5)’ 'cmlwot olheys . |

ven
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€ RADIATION PRON GLOYW DISCHARGES.

. Tha refiation emitted by gas molecules after excitation by collision hem been
the pavemount source of existing knowledge about the internel strusture of the gas
s;eﬁé cules, sbout the environment in which the gae molecules exist, and obout the
mé;imﬁlai;mg eolligions themselves. liadiation from goe ﬁimh&rﬁez& hes supplied
meens of memming atopic abundances, identitiee and chemical yesction rotes,
An wadgrstan&in@ of the rediation ;*".’r&m o8 discharges reais on the alm&.ﬂa?;it;n of
two seperite stages iﬁ the process (1) the relenss of emergy ss vediztion by the
ga&a tolecules and {2) the delivery of emergy o the geo moleculen. Xach atomice or
wolecy: ex species radlates & charssteristic et of frequencier which axe governed
by the Flanck relaotion | . |

]"l Ll j i - El ,
7 ) ' 'ooo( 13 )o
The probability per unlt finme that such e transition will cccur spontanecusiy im

an atom exelted to the jth state e glven by

ﬂ.‘i _ . 64?:21 (i \Xl\l

o.oi (R )o{

is the matrix element of the dipole moment for the transition from E; to Zi
Most commonly cccurdng radiations are dipole vedistions, bub tﬂansitiana' whiich are
forbidden in dipole ratistion by ihe identical vanishing of X JL can

sanee'tmés be ovgerved weekly in quadrupgle or ._zmg;zé_tié dipole radiation with 2
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pmmbxnty wiich 19:0%}13@7 in the ratloof { O/ A P w that of an
a:l.wwad mtﬁz&m Yere O is the orbital radiws of %sie upper mm:e. Extranecsus
ﬁol.dn con z:semﬂ.t forbidden m’ﬁiﬁns a]m. ‘ ‘
If the probability pox unkt tive of spontansous emtesion of Frequency J wy
» single yodiator is knowny i fsfin principle possible to ecaputs the intensity
. of rediation. low prescure gan éiﬂ&h&fg&a, duspite the a%eé& conplexity of theu ’
. enexgy trasefer processes, doe aimpze’ to analyse when compured with the vaetly more
| émpiex gitmuﬁn in terrestrisl high ;?résm dischnrzes or in gwliai* atmspheres
umﬁcﬁ &%mm or low mssui:-e, thege llwzz boing amplmmed by ﬁmir vest extension
over space. A mrking criw*'z.can for a low pm@sm ges dischargze, frow the optical
poiut of view, cen be that 1% should m:s'c appreciably mabsarb its radistions or in
| at&wr worde thot spontancous e?ﬁanﬁ.an is its eole radistion process.
For those tranaitions which puss xmhmﬂ@md thmuah'tizg grsy the a@}ys&a of
rodinted intensity ie stralght fammﬁ; Ir u, ;-ete:ea 0 the pcpuxam;n éa‘r' the ath"
extited atate of the raiitor, then the essentlel chagos 1o tils population will be
' brw@m about by rediative transition to lower states, radiative sransltioon from
upper states, absarp%im c:f hlocmaeﬁ growd stote xm’tiem, ma cam;:sim
' mmmet:mna Wﬁ.th other particles. Then o syeten of e:am‘b%mm gwemn the amry
lavel y@pw.atwm. ' ‘

"b’»_N; L9t | ‘
é—_té_ = Dé A/ Ng —t Bo} -P N ZHOU N —+ ZQKJ N -+ '5')'(
. i E K= é-u
oo-(l' 15 ).

whore Dj i tie d4ffusion coesticient for piate 4 radiators, Yhen J 48 one of
thoge amms mi:ieh radinte to the ground amw, then suguning thet the diffusion
treatuent of wmkadmi m&iatinn L adequate, a gecontd med of equation is neededs
%;g = Dy VP + Wao“‘«io Ml es?"”“}
| ' - s 0( 116 )o -
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wm.re 'D',‘, is a photon diffusion coefidcient defined an C / 3R where "C" ig the
velocity of 1ight end R ip photon ebeorption cosfiicient. Bliminating the abgorption
texm betwecn the ha%.wm eguations m&_ssm that the gae density is lovgs
eiough o that the photons apend much lees time in tho free state than in the yadiators

>j: ' / h vhexe P Ué) = monochromatie pedient ensray

: ' ~ , . gensity | ' ’

. o P = production fumotion

One sat of squations can bé obtained 8s - R

. 7,5.‘N'. " N
T Dy v N | Z”JL N ZHMNK B
: . K= J—H ( ' )
d.c("{Y)Q

Emﬁéﬁun‘ifathe prizordial samﬁa of a}.l--;’mmﬁiaﬂ from gos diac!xs;{rgea.' Hodiators
in arw mté& oy abégrb the kwatie'~ em:-w'of .mmm pérticlm and go over into
highar etu:gw otates with & minmm m?reatricﬁioa by eselection be*&men s‘tmea

foxr wam& the Teverse radm*zive tmiﬁcn is allowads .

E:cparimmal mea&ummmm of the cmsa segtiong wi’th gag mo:!.aculma offer 0.
ahatz‘ens foy various emmmg trmaiﬁons have been carcied out along dwo general
J.ines. E‘ﬁ.rst, electricel aaaam'ameaw have bem made of the frmtian nf; elsctrons
mich mVa laat discrets amownis c::%‘ ENOTLYT e ’S@cmﬂ, optical mnaaummmts hzxvs been
maﬁe u:l? the nmber of photons of a gi.vem apecm* smerging from & ges thrnugh |
-which e kmm charga hes passede Doth methoﬂt are difficult snd -me repulte have
pma quemiwﬁve:ly discexdant with eagh cher amx with thcery whenever qmnﬁta-
tivm meiﬂawemn‘aa imw- befz«a paasiblm '

_ ﬂ;hezw are dﬁf&rem prmesaee @f; amttatim where the hi,gher onersy levels are
popu}med. The ehctmn :%.mpsm 8 of *bi.e izt bind is where slectrons collide wmh
oﬂmr pﬂr*iclee to give ita emimtien max-uf uncl the procens 1& gavemé by the
relation | e
| El—ﬁ = a N\ N:L 6‘

,'..(‘l-lg )o
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whem 23, and zsta are concentrations of colliding paz-tielea of both apac:tn,

W the:tr swan mlative velocity and dN/jitde t}m rate of pm&wtion of the altered
‘meleculer ctata. Emltacicn by massive particle inpscta have got raaiation etfeaun-
,eies extremgly low canpared to that of eleewmn and it is easy 10 met up subsidisry |
‘processes involving impocts .of.free electz*éna which will mask the dbiired ‘effecim.

» | In the prbceée of exoitation liy" abecfptioﬁ of photone it is found a= in

the emiesion _otmds_.aticn; the selection rules appoar to 'ggvern ite ebsorption
‘ﬂgoz-oi\isly. Apporant devietions heve slwaye resulted in te discovery of éubmw

' process invoiving othor ayélmn.. The role o;f‘ volume recombination into exeited
gtates proved us having very mirio;'-ef:factv both 'elec"crically. end in the production
of réﬁiétidi’; at Jow presaux;*e. Volums reccmbinatiom of am electrom, +ve ion and

. p‘hotou'éyém ian@l posi‘biﬁ :l.o:i:nﬁéauée ton systen may be looked upon '.as potentially

| lmas.ng %0 r@;aticn. v?me ﬁ&ﬁhbiﬁgtion m amr of its fom, while '.l.nnam_p:!.cuaﬁs
in acvtﬁre‘ diﬂéhargeﬁ, in; the prammnﬁ and vnique source br'radiiétic‘ni from low
pﬁssm after Zlowse In complote gexw D14, w. the problem of the £1ux of papula'uon '
""nf :my ama state mwst be dealt wiﬂz by firtlmg; the ‘fluxes for all gta tesgs In /

. reatrieted ocasen howevar, :l.tie pcesibh o dei’ine a cascmding coef "’ieien‘c- fwhi@:h
maama tha general. solu‘aion mmeceasarw. "‘he mstr.tction ie :uli’il‘,bed by :

(1) elao%m emitntion fram the gmma state (2) vecobination pmcesn
(3) celliaions ox' the second kim! bet«een forelgn radiators and ground atata
“parﬁs.az.ea, where the mcessiw t;hat the original population of each state be
'aemved Pmm a gource waich 18 indcpenﬁmt of the individual emited sta‘te
popula Lions ia 1211188, «m v)mcaaa of cascading is impostant to agantamow
*z-msitﬂ.cm from the uoper states of o vadiator to the lower ststos which fumi.aheu a‘
nimfic.am pmtion, althou@ unot & majoxr mrtien oi' zmpule:&ion of each states

T‘ae chle® pmaess af depopulating lmvela w almost immﬁebl;r ssmmmeoua
emaeian. Bollisiom ofthe Becona kind are also a depopula’smg process ag well
ag o xzopxﬂ.atina rocess. Smtimes the result of the collision :I.a an aznhaage of
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ltatea :m which bLoth popmming t-md dapopulatin& pmaawa figure, Roszler and
Schorhers (1938 ) atudled the rediationof¥g ( 6 P — 6'S,  )esa
tmt&ors of pressure and ement and ddentified both pmesum and owrrent -
depmﬁem‘. loseen w’moh mey atsrdbuted to collisions of the second lm.ﬂd with
A mutm}.s and elsemm ’wspﬂctivelyo At large demitim mayy workera have
oborrved that  marked decresse mets in in the :tntenas.ty of padistions from
digchargews This is apaeiail",nﬁw. of the inert gwaa.', In helium thim Qecrease
sete in at approximately 2.5 mm. Hge Eﬁeyéémt*& {(1944) opensd the way to an
m&er&temdiug of this prééém by e sugsestion thot the populetion of I-isz. and
H’:e end presumsbly other molecular ions might be larger than previcusly eatimated.
Batos (1950) auggested that the large nierowsve recombination coeficients could be
wdsratood as diseocistive recombination with lgs Phelps and Brown (1952) leola-
ted large quaniities of He from helium discherges at 5 mme Hg. pressuve but

foundd iittle g‘rt' 1 mme Hge Hornbeck nnd Molnar (1951) suggeated that the éppaamma
41pot§nt5.aia ofmplscular dons in noble geses could not only ‘ba expleined Dy ihe
existence of 'eolmggn process of the seeond kind in vhich excited heliwm
a@éf@meé noleduler dons upon collision with neutral atoms. fowler and
mffendack (1949) h=ad proposed en m;:tiﬁ_ed_ process of ihe second kind as one |
_z.ms:,bie ‘cauce of the intensity deecrease but discounted the poesibility bsoauee
of ﬂw suppasd tion that it would require degr&iﬁatio;x of tho entire excd tation
Aeﬁéz‘%&. in the kinetic foem, in defiance of the Francke-Condon principle. Eﬁm
depemignce of the :ui: enslty of the spentral Lines upoii“slm tube current wog
srvestisnted at both Mgh and low gep dane{*ieé holding tuse rotemtiscl constmnte
T™he rels tionship weg found tole lineny with:m e experimental error be meeﬂ

the extremss of 14 x 10“ and 2.5 x 10’6 atoas/c.c. This relationship was
obéemd for all types of tranciticns and crvér & current range fro@ ons to ong
nundred mA. This hag been further exterded by #he vork of Yees who reporis a

linear dependence oxisting oa low ap 0.2 QA for all tranaiizions. Spectral
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inteneitios oo a Sumetion of ges donsity of particles yer wnit volume were

13 1a

wmtigw:eﬂ over a wide range oi‘ deneity oxtending from 2x 107 % 1 x 10
mojecules/e.0. holding tube ewrent and potential cometant. All the density
veo intenaity vi“:\'mreé have escentinlly the scue formy rate of da@&ﬁ and location
of the maximm. One outstanding exception 18 found in the 22 P - 3°D
tranedtion weich had 8 Yrosder mogimus and slower rate of decay thon the others.
The paximum véag located at about 153511; Hg, pressure sbout five times the value
found for other transitions. Since this *im@amigm corresponde fo 5875 3; e
amomaly leads to a promounced color change in the dlecharge bet&mm‘ high azii low
‘prescures, the high preapure discherge being yellow, while the low préaém
discharge is bluish greey. ﬁeemmmmﬁa heve been mode of the imﬁmiw of
raa:i’ﬁf;uézi' Erom the low voltege are in heldum ag & fumotion of gas denaity,
tube current and tube potentiel. The exporimental results indicaie that the
mﬁiaﬁi@n i the vesult of a primeyy electron pmceéé. Thie propese has béen
generally ssoued to be dirvect excitatiom, Such an explenation is mot fully in
waa.ﬁl with the phenomens obsorved and &o p@aaibﬂityvof an unrecognised
process has been sugiegteds

| Iittle or nothing has been -mporﬁé& shout the radliation frm Fownsend -
diooherge. Graggs- end Jocre (1947) indirestly showed the presense of mga energy -
photons in thio type of discharge. If (30- 15 the mumber of excitation to étau 3

per unlt lengih of eleciron path defined ag

N J’OCG w® (v du
ﬂ'} T J* :

u* b (u) du
eeel 1°19)
where U is the drift veloeity for electrons din the eledtric fleld 'pmsenﬁ, ard
d (w)  4slthe slcotron distribution compatible with the field, then the energy
of radioticn in a transition 1/4' ¢ ie given by
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J
per avalamhe of length X o Trom this basic expression the power radiated can

; : (3 d X
o A B et L)

be caleulatod in the varicus eventuslities which moy avioe.

The radisiion proporty of the monoenergetic elestron discharge wae etxxl:!.eﬂ
axad util:med for different puspose of, mgmmmemw. Hozwell (1928, 1930, 1931,
1932) found that 1% wao poesible to detset the life timesof lonic excitad Matea
by eidewiso ghift of their redietions in the epplied eleciric crvas ﬁelﬁc-
mcéwiw-mm&man of the spark lines dus % "t:he motion of the pooitive don= was
the mein problem of ‘obseyvations Spark lines due te aingly smd doubly charged
1on£3 ohow 8 v&riasican of mw:;sﬁ.y along thely lemzih in swh a nanner éhat it is
possible to ddetinguizh them from theerd liness I+ 19 aleo posmible 1o ﬂifﬁerentiam
between thelimes of the First ond oecond sperk spectrume Blections in mereury |
vapour with velocitics grester than the ionisation potential woxe confiséd into
a beam by & megnetic field. The light produced was projected on thé slit of a
spectyoscope with the direction oil’ the beam &% vight angle #o the plit.
Perpendiculsr to the besm em clectiie Lield withdrew positive dons before they
recombined. Theintensity of the arc linss weg found to be independont of the
electric Lield vhioh irdicats that recombinnition contributes very little to ;ahe
foxmation of thepe linems. Two sets of exposures of different cpeciral lines with
and without aeross fipld were taken and compared. It is ‘m{:tieed that the are |
lines and the lines of the first ‘spax%: gpectrin are wsffected by the field
while the limes Gue to the doubly charged lons show & chenge in their intensity
diotributions | |

Duffendeck ond Koppius (1039) exemining the radiation from negative glow
found that intensities of the femily of tromeitions ending with 63 f?iatates "
mréaaed sccopding to em exponential saturstion ourve with mercury eonéenmtian
&mé inorecped Mnearly with tube currents Agpswming in stasdy éwm of discharge,
the intensity of a speotral Une due to t}mﬁ‘&ﬁs’imm from atate j§ m' state K
of the atem will be proportional to the camen tration ¥ [ of atome in the
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, -~stm;e 3y the pmbabi}.ity of trapsition 31; and the magmtme of the li@ht
qmm h U 1-e

‘ | : ’X‘JJ oc ’ N(} HQK \’\I/

and 48 terms of the current | o passing through the dicchargey it was written
| | o bd /N

Ty = A1 (1 - e *

‘ : ’ ' ' wee(120 )a
where "A" 15 a multiplicative constant, p" 18 the prescure in mne Hge “a" 1s
distonce betwesn elestzodes and . )\, = aversge mean free path for the excitaticn

of meroury stom et unlt pressure l.e.

Y one

(0% axd 1 rme Hge ) and when mercury snd other foreign atom de prosent the

W

P/ e

ooa»( 21 )o

formula wae nodified to

— . | l/7\5 . o bd/)\m
Ly, b A L VEERIAN ( |- e

- . . -

f

Ceeef 22
aharé A p is the sverage mesn free path of ma eleetron Zor excitation of a
foreign atofke >\m iat:héavezﬁage moan free path of m_,; electron fur ezcitatﬁ.on
of! git&w: a mmﬁry or 8 foreign atome A% the densitien studied no reverssl
whatsoever was observed. In sisixtures of argon, in addition to theeame . soturation
E ba&mvi,aw, exnitation was found £o be epportiomed between wmerxcury end avgon im
the pmpor%&mn oﬁ‘ their relative ammﬁamee. Everything abs@wed wag S.n cempls-f;e
- ezagmﬁ with the hypothesis thet monoenergetic primary elecmna in a fiyed fintte
mnbera were expeméa m siangle collisions 40 the extent t0 which ithe abundance
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of @%m‘fmmtmg molecules permitied. Assuming moncensrgetic stresn ofelectrons
hawmg 8 par?siezie ourmm ﬁunsity \/e the muber of losses i‘mra a unit arez of the

‘beam m 8 diazm dx 4is

e O Sl N, - ox . , A
e s T 9 R

and’ imequal o the ch&)@e of a;prti.@le cmm denpitye Iﬂ%eryatim

: S — (T N, X : . ‘

o= L, € o ’ _ o
m ma nquat;ion ef dscmnma%, ef the pzrma.xy @1@@ tron stream. The ovous aeet&m
m %:%m cro8n moticn for all si@iﬁwm% eaergf lossom, ionisation plus emﬁ.ﬁaﬁea
of au kindse The mr mﬁ&aﬁe& par xmit wlme in any ﬁrmiticm excited b;y ﬁw
elocizon strosm ishow glven by 4 .

' . —aNX : -
J[leh‘uji G]% N, €
Ia'hagmmd over the whole atmam from cathode 40 enode the powsr redlaied is
| SENK N
i “UM-%‘%“—'<‘“ - )
wham‘ f messures tramsitions probabilitye

Vhils the tﬁeémﬁee@l dependence conforme well with the exporinentzl reould,
" the %otal slatetion cxooe meotion T mqeﬁmﬁ,i}y Duffendock culdfoppive H0
it iémir'amas is gurprisingly m.?gejc. In the rez‘liati@m sﬁmul&iﬁe& by
noncenerretic électmm, goneral opinion fevours dirsc{: elsgtron @mit&%icm Y
Lihe am.t,f méehmw 6;? population rather ﬁmimcmabimtian.

e thermel electron dischsrges ere pogitive culumus of glove, eres and
sparka, high ’rwqmmy discharges ond anode glowse én&is;mis of the mﬁi@k&m
fron thermal exwe:mrgm must be nade on @ bosie of elee'%z‘m conceniration and
ite ve:i;a'ciw éiaﬁrzbﬁtmm Discharges sre. mever and gen nover be dia true. thermsl

oquilibriums Experizent shows and theoxy sugg;émts that 4% ie reasoushly accurais

ooo{‘ 24 )r
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tc compider the ‘sleatron temperaiure; which governs the valooity distribution,
eoncmm over Iargo egions of the discharges ‘I'his hhecame the electron
mpﬁratm 18 ulnmt ﬁirecﬂy proportional izo the electrostatic f:iald in the
gea and the eleckrostatio Tield i» tmgmﬁam constant at least from 1ts
ccmaﬁaﬂva ;;azﬁbertm-- Further nore, inx the absence of ‘space charges which are
: mual‘ly m2l) in regions where thermal eletation predaminates, there cen bo wo
chlmga in the noxwuﬂ. component either thus establishing the ccndi‘bions for
c‘ona%amy of elaotmn‘ temperatures; A faivly general theozy of thie type csn be
baud cn &n munpuon of sepambiu*t:y af epam and 'relicits depanmnce of the
clcctmn diobz'ihution o give ﬂw mber of priuary electronl
d"f(‘ ol xiyoz | having velootty Uy , Uy . U
AN = ’N_~ (%, y.72 ob(o(gdz <j> u, ué uz) o(ux clury OW;
The: prodvotion function csn now Le written for elmationa of a {¥pe scm»md hy
<he cmaa-nee%ion G;; KU&) per unit volme pcr umnit t:l.me

o= LFTN [uu aj dP du " where
. o3 'Ll 'L)\/')v |
B T R

and electron'veloodty 1o ssmumed much larger them solecular velocity. Simce the
major portion of diacharge.cwzgn@;iénaity is given by tﬁa'.e:pras;gioh 1= e N_U
m{ the slectrom ourrent devaity, af‘ lsagt Sngmoes which o not at;wcn el‘ééﬁmg
e pm;lmtion ig directly proporiicnal to gw&mnt density, eud if radiation is

the chief enersy 1oss mechsuism, the redistion must be proportional to the current,
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Huoh qualitative end gome truly qumti_tative krnowledge extat concerning the
' radiation'm the glow dicohorge. A large part of this ﬁp_pnea to the positive
éaliun which m by far the nost speotecular region of tho dischavge. Angstroom
found that the-.mﬂiaﬂén reéa!iing & bolometer from the positive colum wes cnly a
few porcent of the eneryy supplied to the colums electrically probably because the
tube wslls failed to trapsumit thcfbulk of the vadjation of the amwan. Penning
(1938} has made on analysis of the cmergy loscse by the thermsl olactrm owETRe
wt*!a fizaaa thai when an elmtmn current moveo through @ goas, the emr@f received
fron fbhal electric fism :!.9 purtly losd in collisions with the ges moleculess An
mﬁnﬁaxy saall elsctron current ¥ U Y flows in a homogenous eiaétrie Tield
E vhizh case occurs in ie Bisriing of a glow ‘di_echarge between 1@:30' parallel
plates ot ®ot 0o high pressursss Irom the obgervations 4t 1s olesr that only
foxr very low values of- l‘?/2 the emr@ traaefer in elastie oomainm u -
impomant which mey be traated 0 o certain extent with the olneas.cal laive for
meham.cnl coliieiona. At higlmr mlms of i‘J/P hawever the cemwﬂon ot
| elee 1'161 j Lt tnpough - the gas is governed wiolly by the laws of qmﬂud merw
t‘z‘ami’er bﬂman elsctrona, nolscules and exnited molecules o
ﬁodgea and Kichels (1928) om:l.nad the prescure dopenience of radistions
tm pasi.ﬂve colum of heliwm dimharge. ‘Z‘hﬂ ahsolute and mxatiw intonntiea
of thﬁ,men linse of the g;anm ax)eotrm extending thmugh the v@g!.hla regions
e, besa Becsured by & modification of the method developed by Orastedn (1925)
and Bozgelo (1925)s The method combisted in compring esch line dizectly with the
kncm exissicn :tm a tungsten filmnt, operated undexr comtmt eonﬁitiom. . '
- 'l‘ha msul*ts for & discharge in a aap’.mry tubiey with pressures from 1e52 @ 34e3
m. Hg- aho'u that the sbxolute intenaiﬂel increane mpid‘.ly to'a mxi.mm for pressure
- in the gmzshbcurnood of 2 to 34 an; below which ~thiey tend toward s6ro. The relative’
ﬁteaém.en of the singlet system e xmméf Sy lowered prescures, and the higher
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members of tiie triplst syaten ave Mkewloe *avauréd over the lower nubem,iimi:is

the relaﬁve intem:ltiea within the ainglet series show ntvsle effect of pmum.

Pﬁll@mg obaemﬁon of Dymond (1925 ) thet the efficiency of exoitation of s

given mmen mme is greatest when the energy of tzm miting alectm 1o only

,aughﬂg greatey than that nesded to exoite that atute, they obtained the probability

‘re‘_l'_éw.on Zrom kinetie thewry consideration us | | " |
,e-"Vl_/éW Loe /89

where for & m.ven utau w:l'bh evergy V, will be excited in moot umea by elsotrons
ghs.eh hm, at the time of inmpact, anid snergy between thet necesnary for amitatim
of this state and thet of the mext highex .smevz."s" isthe potentiel é;radum
in ths tubs end Ty" 10 the electron mesn free rath, This relation th&t@i does 1ot
me fqmntimﬂveiy yg;t glven 'm @m:al fmz;el 0¥ curve obtalneds Theindications
are that the two processes (1) d4szociative regombination of wolecular heliwa iono
and (2) collisions of e:mitad states with peutrals are sotive hove aleos Tne
emnmmm of the upper m;azet states is maemmaabxa it process (3) is Bartive,
.:lnca me emrgy &eﬁcﬁ.eney bemm eomapszading singlet end triplet levels is
lese for the highe levels. L _ , " )
Parkinson (1951) oheszved :imamatina behaviour in a 15 &: almrnauna
aurmnt m &imharge in air am‘l mb‘w gaages, : expaaiauy in. mum. whaxe
: tha moheu‘.iar um seeme 10 pﬁsy as Mportant roles Obsorving the 1ight in fmn'b
of ons . aleotroﬁe whieh :lt nwmateiy a caWa and sn enodey Paricinson found

. tha m muﬁm&. mhcular vand speetrun ms strong during the ancde period

mxl abmnt dmﬂn;_, the eathode periad. Ms the saxe ltine atomic ra&ia‘.;:lom wm |
ahserve& wh:leh aupmyaa the eeme a:tt:er glow Qecsy behavieur a.a thc melccuhr
banda aurim,, ﬁaemaﬁe cyahz, bag :’ol&md the disthayss ourrent wave fron |
duzm@ 'ﬁm aaﬁmﬁe tycle, Izm evel azngleﬁ trmmv'iam ahma .3 perpenﬂomme ot
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oathiode cyole current governed responee over anode cyels atier glowy but high
level triplets have completely the reverse behavicur. Farkingom found that all
Adecwa"bcéwea with the scme time conwtant ( 35t ssce)e He found eleo that the
intensity of the molecular ond atonic after glows decreased very rapidly with
px;e'enm; T touid be expected if the three body process of moleculsr ion
formation were thecontributory case. The light from the alnomden of an a.0. glow
E ducharge m neli:m is found o be particulsrly rich in the Hua upee%rm. Thin
11ght osours &t an wusual phese of the voltage cycm. The process which forms
e:mited nohcule- aled g&vu *iue to excited a'coma. Fayther more the procens is
inhahited by the presems of en elecirie mm. %en are indications that the
pmene is oné of reccmbinition batwesn elsotrons and atomic positive ionms It is
a mn knmm phenoczencn thet tm light from nesx the anode of & d.ce glo,w “
:Laaharg;a ex’mv.!a only as :faq. an tm front raee of the ancde being fres of eny
luminomitye Im an f.o. discherge the regions arcund the two clactrodu appe sy the
ame to timeyes If inveatigated with & photouultiplisr tube and omoilloscops
3.1; is tuund tlms the oitunt&on 1mal:l;'; the some as in the d.c. coae. Moutpnt
o2 light is contim-d to the time during which the clectrode is a eaﬂmdﬁ. Ehnre‘
1u m ‘.ught ow:put during thesnode half cynle ~except from the pca!.tive column,
whﬁ.ch tmndt fm a point 2 few tms in fromb of the front face of 'bhe ‘eleatrode
slong thetnbe t0 the other ehcmdc. Further wore the light from theeleetmde
during the cathode hialf cycle is directly pmpnrtion&l to the current which 1tself
is dimcm pmportioml to and in phau with tha voltage., Thus if theetmmat is
a eim wave tm wave m of the 1light autput in like Uw output -of a helf wave
ncti_ﬁar. This applies @ﬁu about 100 Ko, ‘Tha above oomiderationa have beem
© found toA be applied to diecharges in aiv, mson, argon amd .hxypton at all pressures
a.nd to heliw ‘B'elmv about 5 mee The pressure dependence of molecular 1ight and
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noleéular componsnt of atomdc light show an increass with prassare 713 the Jower
pressure region upto 35 ma. and 15 mm. aﬁ;ér which for higher prescure the uxbéui.ﬁy
:daeﬁanaa. But the nnmai' component of atomic light ;nﬁqnas.ty .hawn_sradm Ainerease
an f:ho presuuwre ig lowersd. The intensity of &aiaculér light 18 govenad by two ‘
m&ependent footors. One is the presence of an electric ficlde The ¢they factor
.oam§ aa epproxinately expuﬁantial deprease in moleculer light with a ﬁsgo pons:ham
of 35/ gsec. This time oonstant is 'mamnﬂeut o:ﬁ:rum. 1t 18 mdenm due

to 2 decrecse in the _cnmgmratign of some pwﬂelpﬁqt in the proceas which forms
molecules. 1% seeme unlikely théﬁ thals om reprééent the 211 in the concemtration
of metasteble atoms. The rete of decrecse foud hers.is vesonasble for the goncemtree
tian of po.nitﬁc atonic lons. The atouic spectrum of the negative glow during

the anode half cycle is sugsestive otv & recombination spectrume. Tpe ditlerent
congiderations point to a recombinatich process in wiich an exoited moleculs

and m.xema atom ore fomade -

¥icrowave end high thamy d:iechargu have almost menﬁeal ssission end

tamperature characurintics with steady glow discharges of the aume power density.
'In & point to point comparison Beck (1935) found a stesdy glow discharge in

nemwy m:.ltmsuuhahle from 100 h'le/o dwcharge Nargenou and Hartesmn (1968)
hzwe shown that the theory of uimmvc diachargaa Jeadn ’co this same conoclusion

of aizidarity, barring the space charg- effects which ers possible in stesdy
aimhaxges. Corlies, Bomman eud WemtZall (1953) £ind tha an eloctrodeleas

dis charge at 300 Mo/s will excite the pure metal epectrum of involatils metals
which -have baon introduced as purs halidem. The atomic specira of high melting
pnint uta],n ceuhu excited in eleotrodelwa dsaps if s volaﬁle ‘eelt of the

nc‘tal i thdwcd into the l=mp togethe:- with a noble ga- at a meum of & '
fow gme Hge Tha Jexps are aimply prepvred frax hngthe of pyrex or vycor tubing
excited with microuvan and produce shorp apsctrel lines free from u‘.\z '

reversels Isaps hove been grepared which exdt atomic spectra o2 Be,Ti,Fe,M,
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Cuy Ho and 1‘3. Relative im&nsiueﬂ of copper line wavelength 2‘5153.24. 5218, 20,

5105458y 5762013 and 5700.24 from dece wros and 8 cucl, leup ave measured.

Fricch and Schvesdern (1949) pmpae;iad a Milar discharge wechaniom for qxﬁuuﬂw

ppectrogrsphic onalysis of ges miztures. ' |
Hoklin (1939) obssrved the effect of e m.agretic £ield on the yadiation from

a aammw vapmzr dimharge where

&

b~ 10 %wm m Mgt L= V5 T4 Amp

He wed two -éilémi&u spoced a few Cme BpPTaty %i:xe -mmtia fieldsn eoum- be
eoim;!.ﬁent, given an akuont «m.rom Pield hameen them or appoaite giving a
azamma #ield having amng radial cmpumn‘&a. The imoge of a dimter mection
wog absemﬁ' i a apee’a:@‘scape and the intamim- of the 1850 A and 253?' &
Yegonance nma were meagured by. the brighiness of o rmmaemt pmbt plaged in the
tubse Fith coincident fielde tha discharge 16 vieibly amtﬂo&%& into a cord,”
at firat rapid:ls" and then more slowly with iwrewing He At highex pregsures or

: currents the effect is leemarked an& fimny ceases to be noticcabls. ﬁ'm_-

cord i:onqu .t)xe lines of magnetie tqme»anﬂ‘can ‘be moved about by displacing the
- solenoid coils or by the presemce of o mognstic fields At the centre uf'vtlw

. tube the variation of relstive intenoity of several ldmea like 5791 A , 3906 A ehows
Lirst o mexinn pesr H w 00 @ersted and amaat no czzanga as higiwr mgm\t:w ﬁem.
Theline 3704 A Sradunlly decreases in relative. mtonaitar with magnetic fleld with
almost no change for megnetic field of the order of 200 osrated. n‘u 2all in
in%enéii;y is ﬁx&ammne& in 1§.nsa fyom high apﬂaﬂm levels, indiceting &

‘ _decrease in hﬁber'of fant electronse. The maximum is due to two opposing

effdcia,y the/immaéeﬂ amaatmﬁ,mﬁ of elegtrons at contre and the decrease in
their energye Hokhlin comes to ths gemral conelusion tizat the constriction of
te discharge 4a due to the redisl coxponents of themagnetic field on the cathode
#ide of the nlm the longitudinal part of the £ield howévcr, ¢id not extend

Lar enough for a propsr aszespmant of Lto effects.




el 53 ‘S

., Exporiments hove been mede on the effect of magnetic Tields om the radiation
from the colunn of & uem‘trioﬁaé disebawge in & eepillary tube in ’ératévener :
magnetic fields Kulkarai (1944) studying discharges in He, He and U, foumd tlzat
theintmty of a2 spectmm line reaches a naﬁmm and then decrecses quickly
with inoreasing megnetic field He The vaiueaf H at the intensity moximus depends
on theiwmlen.gth q:ﬂ the lime and the presence of any forelsn gage For a given
d1schargs  voltege V there 1s & critical H above waich the diecharge goes out end
just below which it throbes In these conditimtheme ganea show the
-molecular nﬁecﬁm in reg:!e‘n‘a‘near the ebcmﬁeé:@ "L‘he applied pni;entiai for |
neintainees of diecharge is of the ovdeyr of 10 XV to 15 KV and H af the oxder
of 10 Eilo oersted without any specifioation of p*eaaum. ‘In the Zeeman effect
_experiﬁxent uamm pexrformed in mela}qamtazy with o neom tube, it is observed
hat the j‘x_aagmt:!_.c fleldy beside produweting the well known splitting of the lines,
effsots to a marigaé extent the intensity of the glow :&n,ﬁh discharge. tubes It was
thought that b. detailed ipectrobaapic investigation of the effect of the magneido
- fiedd on the variation in mo intennity dﬂ.ntrﬂ.butim nmongnt the apectral uua,
-mxﬂﬁ e,:lve userul ..nfoma‘bion about the collision processes involved in the

. mscimniw af dischurge of electrialty m xarefﬂ.ad gases, Preliminnry expoz-iments

"ﬂi‘th halnn. neon aadlw&rogen have revsaled some :Lntereut:ing«, fectys The

a:,perimemq wexe performed .with the ordimms' capillary diacharge tubes placed

bew&en ithe poles of an eleetmmt eapablg of piving a Tield upto 10.000

‘ Gmaa. ‘i‘hetuhee wore worked betwsen. 10. end 15 K volts. The results of ebaawationa"
nay be summarised .m_ 2oliows se (1) The Sm;emxty of lines inoresses with the
n@ﬁé £ie1d, resches a maximun and thew decressesy the decreszs being nore
ropid than the increases This 1s shown i spectrum of helium with pagnetic flelds
44602 aml T8 E Gausse (2) The field ot which s lre reeches its naxinum
intensiyy, the conditions of pressure end excitetion remaining the sowe, depends

on twe fectors (&) wavelongth and (b) the presence of foreiga gas. The dependence



“t 54 te

o en Wemﬁgth,,waa,bea’t exhibited with the Bahex geries of hydrogens ¥ é-“ h ',
appesred ag 2 wesk 1ine m gero field, mée‘haﬁ & ez mte‘nsity 2t 4000 ﬁansn.
vg'fter whic:h the -Antensity fe‘n_ rapidly aad '-i;l_ae 1ine waa M'tg e:ﬁaﬁeé at. all st
bigher fields ® H " resched 1 tamaxinun intensity at 600 gouss, whéreas pr and
He -ma & continous increase.in intnsity even wpto 10000 Gauss, the mexinum
field :ﬂb@a&bh in theexperme‘_i?. The eflect of foreiéa gan -;)u the intuaﬁ;y '
of ths »ms is shown which glves the epectra of & mixture of heliw ond neons
‘The aygaﬁ';:a werd bbbaﬁ.iw&- Zor megnetie fields of stremgth 4,9, 7 amd 8,2 Kﬂa
Gaues mecpectivelys Tt 18 %o be noted here thet im contrast with e case of
£1) the 1ines continuously inoreass in intensity &;thout;ahﬁwﬂfng,a maxinune
ﬁw..-éfi‘eéi of the- foreimm m;an £38 geoms to be to :lmreams the i’i&m aﬁreﬁ&:tb
et whith the muui linse will have: their maximm intemsitye( 3 ) Por a given
applied wteatiaz. at the temminals there is what may be enlled & "cn‘i:ieal" f&eld
at wnich »hﬂ ﬁi&chﬂrge stops. eltogether am the imbe hnemea nancoaadmting. Au
theis eritical ﬁem ie &ppmacheﬁ and mat before what may be caned the ‘ _
“&‘nmbbing atate ef the tube, the intenpity im the capillixy pomm which - ”fi ‘
kept-in-he mmﬁc field i conamemhly rcdmed and the intensity et the |
u.glavv ﬁn the widnr pczﬂ;ima ef the tube near theeleetmdee, ie oomapendlngl;{
;mreased. A apec‘mm of helim from thie wiﬂer portions is shown under thu
| carxiiﬁ.an wiﬁmut magnetic field ond wi*zh 5.2!5 Gauss magnetic m:a. Ifs is
ehse:ma that without the £ield onlv weak am&e 3p~etm is produced, vhile.
Pwith ey field cm, not only isthe mtensity of the atamic nnu mc*aa:ed N
‘buf. the molmulm: apectrn of: helium is fully brought oute @ho speotra from
“the maar pprmom'o;f the tube for lower valuwes of the ﬁqld at the c,;qgilhrx,
showed only the atomle ;111‘;&&. It ia to be inforred tha “i,he excitation pfjeﬁe
' heum'mo':lkmﬂar bomde i & sudden procese wdunm wiﬁz:ln 8 WATTOW range 6:1.’
“4hie ﬂem gtrength aear abmﬁ; the tzhmbbin;g ﬁald. ‘Wost of the He malecular
- boxds m:e identificd with tha triplat electmnie states ami thay Anvelve oniy
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Davies (19’53) mﬁe‘wmm;emema of the imtensily distribution in the recombination
spectruny ~the relative densities of the clecivons end their velvolty dinﬁibuﬂea
in the posiltive colum of = ceasiua dlecherge o8 d-mmmé in the prosence of a
longituding) mymetis fiald. The effect of amgimzw mae;mm £ield wan
Investigeted Loy both decs ard Tefe dischargeds In both coses, a5 the intoneity
of the megnetic £leld wap incressed, the glow eorrownding edch of the ¢lsotroden |
wss gompurspeed towerdd the slectvode, but no vieibls effect wap prodused in the
positive eclwm. The 3mctmgmp}xin deterainsiion of ths aumnﬁmn of intensily
10 the Tecombination contlnwm ehosed tiat thers was Haxwellion diotribution

of mactrén spesds in 01l dischavsen wmﬁgﬁma, within the expsvimenial errors .
An initial supvey was carrvied cut over the available range of &Mharge pressursy
with the r-f; amahm*gg@ current mm toadned ot 0e98 Awmp(Temese )- In this case the
elsotron tmperature ‘?1 wag’ «wmmea using eQuation

log [ V- TV] = - i\}% + Conslant.

) eea{1:25)%
nha:m J (f’)ig theintensity of the 6P &*gemaﬁimticn radiation of frequeney V.

An sdds tionsd experinent with refe emmtiu:a was carvded out with & menn cuzrent
denelity oi’ 54 m’"ﬁ &t a frequency ét 6.65 ﬁa/-. At & pressure of 0,078 mm, Nz, |
- the vama of T, was increcued by 175 & 100.K by & mgm%ie £i0ld inteleity
145@ Gouse, from :!.tu initinl volus of 4000.K for H = 0. The norecse wes

deternined using equations | | . .o
. // /. -y -
N\Q_/ Ny, ’: {Ioj / jb()_))-k * (TQ/’TB) lep{\‘\l/(Tm” Tl.b) /‘;Z,K]
1.e T _
| ’J)/ L~ zoguxio [T - T
oLz/ { Og{ T, { ” B , | i

wheve: I, and NN, are the numbeyr of slodtrons/ce.c. in siste "a” snd "
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remgutivﬂy; : L

' In all the experdzents im which the discharge was excited by f.f. anérgy. the
application of a longitudinal magnetic field produced no weasuvable ahaxigei in the
‘axisl value of the olsetron deneity Hye It 1c emtizated thet a ohangs in the
value of R, :ar 5% or more would have been detecteds Heagurements were aldo mode
of the change pxodmed in the valw of thetotal potential drop anross the
dimhame tube when 1t wes subject $0. a longituiinel magmetic Lield. in all cases
the ehangc in potentisl difference scross the tube was lees then 5% for a value
of am #1613 B = 1500 Gauss, In goneral the potentisl difference was imoreased by
8 mgmmg field or this value, but the inoresse wos not alwaye a maowm
.runctim of. He : _ ,

Hobb', ﬂcwhirter. Grifein ad Jones (1961) mtudied voth oxperinentolly and
themmmany thetemporal variation of the intensity of line vadistion :m the
| ultraﬁolet fron dmpuritice in the sets discharge. The comparison tetwsen
aampu%ed smd oboerved intensitids m discunsed in m:m of gimple iuniuﬁan .
'rrccmbmﬂzim and em:l.tauion processes and weed to esmuch the adequwy of the .
unﬂ.muoxs coafﬁeien’oa omployed» I the apeem emi tted by setn »dimhm-ge is
'iammahu is found to contain lines:of various impurity elementse Further
f&mﬂmﬁm aimm; tm& the L'mu dntenaities vary in time during the peri&d of the .
?'_;dueharge :m a gram:l\v repmdwible mAnners %mhuiw vauutirm of the
'obmma frm the mta dawharg,e. 'Phe da'aa waa ebtaineﬁ mmg a grazmg
* m&euza vanmn nonochromater m'm an effective wavalength reEne of 100 A to |
1509 A. mnne intensitics were memmd hy & photomultiplier with & mdmn ;/l‘
la‘.\.zcylate phosphor and wera recorded by pmtagrapMng an mﬂhmape trm.'
Bitfmnﬁ authors utinled the absolute intamiw of & nm anﬁ :mlaﬁm

"_mwnaity of B rm:.v ‘of lines %o meagure the slectron density, aleetrun .
hmmratm a’m. ‘-“he abaalute intensi ty I of a speetml 1ine by a trannit:io:
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from ex upper state "S" %o a lower steze "' is given'by Pearce (1958)

S}S g e”ES/\‘%THS* \—“l}o

U k“r}"_- HTU

ees(1"26),
with suffixes "8" and "t indicate the upper i 1@%5:& states r&apea‘tivaly snd

Cols « gtatipticel weight of the upper state ‘

T = totel mmber of atoma/e.ce OFf the element ceaneémé!

T, = energy of the upper stats in erge |

X = Foltsmen'e constant.
T = sbsolute temperature ®K ; f = Einetein’s tronsition probability from

| upper to lower level

h = Planck’s ‘constants U, = gentral fmqﬁsmy of the line
U()s partition fwwetion of the etome
Jéhn (19573 ).n%ilised goversl method for determining "f:he temperam of plasma
Jet derived from argon eantaimg 5% hydrogen based on the atsolute intenaiw ef
or Hpline, the relative int;sﬁiw of Vi end Vplines and the profile of He
line, Zg@nﬁiw:ma@mmﬂa were made photoslectrically.

Reeves mnd Parkinson (1961) also measured the peak byighiness @peram
and epectral energy distridution of flash émaahgrgm of Iynan cowaxial dand
ospiliary types for the wavelength vamge from 2550 2 to 4520 3 by meespurdng the
intensity of lires snd utildsing theflerdved emission Q@‘éfmiem “for icm
radiation denmsity for the frequsnoy independent region os

(= z2 % e e VL N G

T N BT Ry (=1
ses (1:27)s

. and for frequency dependent region
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| S o hdy [T
£ = sam* . eb (7+5)" e i3 5 /0
Ny 343 ¢ (21mm) (K1)~ (E h"/‘<T_\) ,

0-.(1'28).

.Anham He = elaciron concentration, a =» eleemn charga, H. don ooaoutraﬁon.
= m;mic smber and Z+S m etfective amie nuabey m which

i ,2' . . | —— . a o : .

m-". E\__.___E“- <(Z+S) < Z
'uhen ﬁt = jonisation enerey B ;M.miplé qwm%m mnber. n mexcitotion energy

E IH- - ionzsauen energy of lm!rogen. Uning Vien's law zor the gtendexd

l.amn md Plemk'a for the flash tuba, the brizhmss tanperam of the
lt&nde.rd capluazy dimhmge was ub%amea from the relationship

-G /'%'5- Cy /7:\-.31_8‘

g T ey
o , . S eee{i- 29 )

when S = brightuess teuperature of the standard lemp, S = brightness temporature
of flash a'oi.mee, C, ® 14438 ome -éegé. [, = recordea atamal for ﬁaah iom-,'
ISL 'w pécorded eignel for standexd lempe | -
| Golant. Krivalh-ev end Tachnev (1966 ) Wutigatad the plasks paremeters for
{ufwﬁmax:r ul'mahiah fraguency diachm:'m :m. argon and %heir depenc\oma oa
uagm't;ie £1e1d inteneitye. The U.H.P. 18 3150 Mc/m, it 1a observed that the charged
pnrtiele denaities ‘and 'botal ught mmnaitten ars aaxinus near the aecma ani
%bim hamnica of the elesctron cyclotron frequency .‘uc.

W. = ZQH') BLOH
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o maxima axe obgerved mear the sledtyum cyelotron TogOKAnCE frequency. ¥han
the UsHoPe power input le approximately 10 woit /cn3 s the nmagnetic fied 500

oerstad- sud pregsure of argen sppmmately 1x10 am. Hge ﬁouiziee in

emms of 1@‘2 m-s

are obteineds )
Bwl&nmcm and Fyatesi (1966) reportc the enhunced emission of the

3689 & ( 3°P = 2°5) and 5016 A ( 3' P = 2' 5) 1ines of He during the

indtial tromsient of é pulsed efs diachérge wi'kh. aécilhtor fx:'cqmmy at

24 Mo/ui. Vexy ofrons overshoots have been obmerved in the 3059 A and 5016 A
Aines when vs.ema along the a:rta of thems, both in pure lie and He -ib
mixtures Tha overohoots of the 3889 4- and 5016 A linsshavs besn intarpreted
| es due t0 the low 2 mwstable dengitice snd hsme low absorption of these
linee Quring the&niual tramiem- A aeaaummnt of the marpticn precent |
| mder pulud conditions boe bem attempted for ths 3839 & and 5016 & itnes, ‘
 The B ossure dupendence of the 016 A output 48 shown for both He and He « Hme _
| ‘Iha u&gml mtenm.ty is plottea. ’i'ne optinwe values of preesure for steedy
nm;m and overshot outputa maul%e from a balance betimen the increaging atm
density on one side ana thc Mwaamg lous meehemim end mernung .leot:cn
_tonpersture t:m the othar sides Yo aubltant.ai diffemme ‘hos baen found between
the ccse of pure alt and Hc Ne xaiztum, '&hough in the la%wr cese the ratio
between peak end steady aﬁate valws in higg,er and the missian vaamhan &t

higher prezpures
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DQ.EBEQﬁ'RIGAL BREAKDOVWN 0P GABES IH OROSSED
RLEGTRIC ALN}) HAGEBIG’ I’IELD.

SECGHDARY EWE’S IN OASE OF FINCTRODELNSS DISCHARGE FXCIZED 13! A
! TRANSFOTMER

The secondary eflects in & d.¢e disgharge with electrodes made of difrarent
elepants have besn studied quite Qtan-iwiy by Townsend ond meny others from
ap carly as 1904 « mu uechm&am of dischargs excited by & trmz’omr in
| however anbatantuuy the asme ap thet of 4 dece diwcharge. Townsend (1202)
in his lonisation theory derived an expression for the donisation curreal
£lowing in & gap (4) when the cathode 18 irradijated as
: i/.'h' ) eoL.d. | ‘ (I-SO)
whera = initial current, ol = ﬁ,mber of ion peire produced per unit length pey
primary eléctron. Tt sugiests thavthe plot of In(i/i.) agetnat 4 would be a
ﬁtrsight ldne, But 1t wae found thstihe curve bent upwarde terminating abruptly
10 8 value productng & wparke This indicates that another source of ionisation
has arisen other than ionisation by eleciron camsien. Tovmmend 's obvious

cholce was lonieation by posiﬁ.ve ions and he deduced a relation ofthe form
ol. d

Lo i "ﬁ/o(‘e d.d . <"3l>

where (5 - :lénimtioh 'c::céf-etfieignt due to pésitive fonme

- The positive ion theory wes criticised by Thomsen (1912), Bohr (1913)
and otherss The mechanien was however studled by many workera; Sutton & Muson
(1930, 1931), Muzon (1935), Beeck (1930, 1934), Hordmeyer (1933), Varney (1935.
1936, 1938), Tontagnd (1934), These reculis have been discuamed by Ioeb (194‘?).
However Paty and Medicus. (1948) has given atmng support to the mchapim es 8

poaeible pmwz of ionisatione
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. POSITIVE ION BOMBARDMENT AT 'BIE CATHODE.
o Another gechanien of eaiesion of secondary eleatrons proposed by Townsexrd amd
a!.so by Holst and Oaa"borﬁerit (_1»922) wag the meem of electrons by bombardment
of positive ions of the eathodes ﬂ; similar ‘relstion of the forme

‘l/iq = \‘.;.\@(Qdd—'l‘) ’ ‘/N(_’“dﬂ veduces To
oLd L

Yoo . e od -

.l./'l.o = | YP edd "FO‘E e >>

(1-32) |
has beem deduwed wheve Vo ® segondary 1@%5&5%;1 _e:oe,fficie;at dm to paamﬁn ion
bogbardment at the cathode.

‘ ‘Tn this context we should 'cléaﬂy éwﬂng\d.sh betweon the primary process and
t&m cecondary efre@t o Yhen a field is applied electromm alrcedy precent in the gas
'ara accelerated and couse icndsation and only afier ion peirs ave formed in this
mnmp ‘do the +ve ione exiet in e gap $0 cause mzaiaatmn o tsecondazy ‘smiosion
tmm the ﬁatho&a. When the scuzes of chorgsd particle is depexdent on amther source
:w axeiu%mn W:Lthin the ﬂisemga it 1o termed cs gegoniary eﬁfw‘t. Only 1f the
'extemal. exeray (nleewom Fram axﬁernal source )’ mum_cause foniation it is

f 'ﬁﬁm case of primary lonisation ;émceeé.

zﬁziaiiommm PROCESS AT 5. CATHODEy PHOTO IONISATION IN THE OAS

R.E.Bmde a2 LedoNouzan (1928) showsd that in gese of clectron liberetion by
_‘pn@"tman in thelgns or &t the cathode one could arrive st he qmstione clonely
,ﬂimi:,ar to 'ozﬂ.ginai Townsend *s equation { \:-3\): by maling certg;n a;ngligying
»' ninji;pﬁomﬁ.g Heuce photons may be considered as the agent for secondery emission
- 6#_61&9"&1‘9@0 Direct measurement of photon produntion :,in l‘mm aigmgg hes
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been made by Geballe (1944); Costa (1940) ahowed that rsdiation from a Townsend
diecharge produses photoslsotric effeats on subaidisry a:livar cathode. The actlios
of photons to wame. voluze fonisation was recogalsed by Kemty (1933), Orevath
(1935), Dechens (1936), Grauer (1953), Toed (1947) and Raether (1938)s A detalled
discuseion of the process of yhotowicnisation has been given by Dutton (1953 )
Following oioplified derivation of Iittle (1956) 1% ocan be shbvn that if oL, the
firat Townsend cosflicient be greater them the absorption coeficient, similer fewm
of equation (1-32 ) omn be arrived ate The w-ouédng of In (i/ i,,)'vreraua-a can te
Q:plaiﬁnsl thus provided the absorption .coefficient for photon iupo't too isxge.
| 0n the otier hand sufficient absorption muet be there to moke gecondary process -

inportant.

L EMISSION o |

It ficld emisoion in a Yowncend disoharge 1s to be 8 mecondary effeot it must
be die to & surface lnyer of positlve 10:16 which covers the cathode, !z-om anlei' &
 Fordhiem's work {1928) 1t isknowmn that the curraut denplty due to an apnlied £ield

X st; a metal surface 15

3 o= 62 xi0- (/u/q:) (MHP)X e><p( (8 x‘07¢3/z/-x>_
‘ o . {1-33)

I haﬁve?er the surface im covered with a £1lm of .ions ﬁhetpoten.t:lal barrier is 1ot
of the nse type o comid-red by Yowler and Sordhein ( The snalysis is given hy
Storn, Gonenng aad Fowiar 1929 and leguoted by Ilewellyin Jones ad Morgaa 19%3
to explain scxe obaervations'with sluzinium cuthodem)s If the fisld intensification
dus to aurisce lchsrge is eomidémﬁ, this im éqmvalent t0 ealssion m”a netal of
work f@tion 4>l covered with a thin lsyer of thiokness of another metal whose work
function ie ¢ a potentisl gradiant ( ¢ - 4)2 )/ d-is set ﬁp end squation (133 ) ie
modirieds It 48 to be notsd that field must not Me very large bub extended over .



.t 65 1=

Mﬁci&n‘b dmtama_ to,nake' potentisl drop quiaide thp bayriey empamhh with
'work function <P o In the ateady state howsver the surfage iagrer is cgutim@ny

' bombarded by poaitive foms and e field with Tisb Witil film breckiows. This mey
Luply et the £1In dsconstantly. Deing punetured and refomod over the whols
surfacas If hovever there m a film we have in a otesdy disoharge an m:wa:’con ,
pmew daacrihetl by coefﬁcient V ( emission due to bombardment at ;‘the cathode ),
The increased ourreat flowing from the eathods would be fomall.y inoluded by
.‘Lricreaaing \@ tﬁough the slectrons would not appear at the ssme tine as the
electrons ave extrected by ths lomd individually.

I EMISSION, 3
& pimple mm;nt‘my be used ta include the effect of thermionie enission
from the cathode but thia is mﬂ: pozeible with very muall current denmity in a
' %wnaem dise}mrgm Tor the eame reason thernal ioniuation in volume weed not
be coasﬁ.dere&-

" XwHA¥Se
o "ﬁw emiggion o: positive ione from "the anode (Trusp and Vandexr Graff,1947)
at a very high voltage and low pmasima indiontes that X-rays are aerw pregent
m have to be tuken into aceownt for the consideration of eécendaxy enincione

It aan be showa that eimiler type of equation ag that whiah tekes accmmﬁ of

B photan e:t‘fccf; caen be arrivaa at (little, 1956 ). ‘

IJ‘AS’P mmm. 5.?1‘0&3:.

‘:'.he aot.an of fayt neutral atom at the cathedc 13 also w be camidared u an -

acceptable aaco_ndary procece as they nre foymed fx-an ions by charge exci*mgt
collisfon. Onoe formedy, an atom cannot gaim further energy from the field as am
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ion does. We assume it moves in the field direction and does not looos much
ensrgy 8% & colitsion, The derivation censidering only the effect of positive fon
iz o be modified (mttle, 1955) and we cag arvive oy the equation |
Lo |~ e

| eoa(i34)
Where G @ Y, (K-1) + Yo K
Wners K o fraction of ions which suffer charge exchange collisiom
Y

n @ contribution dus fo dat neutral atoa.

comzderiﬁg now the fowt neutrsl atoms for velume ionisstion we should note

. thnt 4n the inelastic ecatterdng leading to icujestion which concern us here

ions =nd atoms need not Se trated differentlys -Th;sozy indicutes ('Maaeey & Burhop,
1952)_&131; curves of lonisation energy .aa a function of emergy will be mugtmf
the sems for iona and atcme moving in their owvn gase The original Townsend

equation then follows inmediately.

METASTABLR ATOMS.

o eomaplets ahaiyaia or the eoton of matastable atoms appears tole avallable.
There is also umcertainty in the rate of production of metastables in the discharge.
Howevey Torrestein (19#2 ) bos used thg gecondary emission dus %o ue%astgb}.e at@
of He and Fe to measure the e:apitsatian Zuction for themelagieble statess
. Oonaméring the action of netastable ate‘m; S;f a gasmimum is used, atoms
of one gam may be fonised by metastable atons .'.'atﬂ‘bhe otwer 12 Vi, { Vi,

'wiﬁi appmpriai;e_mtaﬁom This seeondary mechanism my lead always to en imcreased
o;i;-z-eﬁ'c ﬁ;a't; con be expresced ag am inerease in o . Its ef:_’cct on the curve of
log (i/ i, egoinst d at constant X/, i3 to increase slope and not to imtroduce

owrvature i large’d . However, although tie phenomens is & secondsry process the .
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s=2oondery elea*&rém are produced vexy near the place of origin of metastoble
atome eo thoat the process meed not be considersd as different from elecirons
ﬁwéew produzed by eloetron dmpost (ILttle, 19%6),

iniesion of secondery electrons dus to otriking of a priuaxy électron on
the surfece of gless at a very low prescure hao been considered by {841l ong
Von Fngely 1948J The phenomens canie dealt with sccording to mechoniam of 4 Ve
ion bombardment ond we can reach en equation similar to equation (1°31 )

Considering them all these mechoniems for the production of seconmdary
electrens we can 110t then ag '

1) Ionisation due to +ve ion

29 Eaission of electron dus to bombardnent of + ve 4om on the cuthodes

%) Ionisation due to poton ond Xerays

4) Fotoclectric effect ab the cathode

5) Ionisation due to neutrsl atom

6 ) Fleld enmipoion

7) Ionisation due o meicotable ntom

8) Thernionic ‘mléaiou :

9) miemion of elec*i;mn by the oitviking of primary electyon on ‘i}heglasa asurfece
at a vory low prassuie.

Considering the velative impoxtance of the effwtﬂl ligted we can neglect
the effect of neubtral am éa they have Jow energye. Flold emiogion hes never been
showa 0 20% in the disehargese. Thermiondc and thermal lonisation would not be
antdedpated in this low current discharge (lohft end Hosther, 1955). It can be
shown that with the amepz.‘mn ofmetsatéble atom, all theeffeot are formally in
‘ammmgawmm and 12 ﬁx/cﬁnsmm are ghosen correetly and abgorption in the
gas be mal,l then

o d
i e
- .
L - Y e

provided ectd S>> :
' sesf{1:35 )
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whare Y is the generalived secondaxy ionisation co=sfficient depsnding on ell
péwible meghaniam. |

BEPERIMENTAL DEDRMINACION OF FIRST AND GSBOOHD JOWHSEND CORPFICINHT.

The first measurament of loalsation canéfﬁcifeam in elry 32 and H2 by
“formsendy (1902, 1904) ond his echool weve oxtended to include N, by Huret (1906 ),
“ 1L and Pldderck, (19&3,. 1912 ) carried over measurements in argon and Hee In 811
theee studies both of @l Y were measured over & limited rangs ot Bp o Townaend "o
theoriea of sparking end fonisation were -ﬁma tegteds Iater Townsend cnd his
group realieed the importance of the presence of impurity ia the gases for suech
monsurenentss ‘Ayeray(1923) therefore wndertook a redetermination of the coeffie
eie#ta in diatinatly pwar samplas of !52, !ié'a and ergon, The reoulte of Ayers did
not agree with that of others of lower values of Wg s but in the upper mnge
agrend fai_rly well with twoe of earliey workers sxvept whore the impurity wes
to be seriously questionsd. Tus data of(Fosin, 1936) 4n N, did sot ogree with et
0f Ayers, although ke hed purer. cample. (;mé., (1’953) ¢erried cut experdments 4o
oﬁm ‘e values of o omd Y over the range of E:/P vapying from 30 volt/om. o
of Hz to 917 voltn/ome me 0f Hge Tho work of Bowls and Hale,(1938) so well as
that of Pennmg and Kralthoff, 1936, 1937 ) have shown otriking influsnce 'ef
impurities in the pure ssmples. Urompton, Putton and Haydon, (1953 ) have
mwéwaé Y for s venge of B/P, from 20 to 2% voltw/om. mme of Hge Theme thod
of measuroment was by mecsuving the pre=breskdown current and plotting In {1/ '10)
sgeingt d « Thebther methods of neasuring \rwere from (1) eaérgy balencs at the
cathode propossd by A.Gunthorschulre, WeTor and S.Winter(1936) ana (2) vy

dd
meosuring the breskdowm potential & using Vg = T (Pd)aﬁd Y ( ¢ - ‘)—"-



-2 67 t= -

This method will be discussed in detelil in the subsejuent chapters Phe deterninse
tion of \ from the knowledge of breakdown of voltsge ad curves of */Pas &
fuvtion of Efx, have also been done by meuy mrkers (Bruyvestsyn end Pemning 1936,
E‘alwf@r 1938, Engsiros ‘!938, Hale and Ruxford 1947 § all in rare gnses and
Badaren and Jeatesen 1942 ) im Hge vepours.

Ste.amé'a'af Thenyvesteyn end Penning. (1936 ) poinied cut that at bigh values
of Bfp, o Y should have the mame velue as in vaouwm but that it should devrease
graduslly with decieasing E/p » 06 @ consequenge of the imercased loss of -
elsctrons by diffusion back at the cathode, At lower values of B/}, 5 Y incresses
sgain: and this has been atviributed by Kruithoff and Penninz, (1938) to 1liberation
of elsetrons from cathode by photons or by metastsble atoms. hefimportance of
pwwlnu in caueing thaemaaien ofelectrons from cathode inm discharges in the
Téore gases hus slsc been stulied by Kenty «( 1933’:.)- Studien of relative influcnee
of <ve ions and ofmetastables in a discharge in argon with activated vacwm
cethodes have been/ mode by ‘Huxford, 1939) and iater by .Ingetron and Huxford,
1940) o Their view was that she seperation of various factors guvessmingmaawmw :
procsuces 48 ot resdily schieved by study of static di@é}:mrgaa, =i they have
proposed o new approskh to the problem by study of the time lags in trenpient
discharge; their enelysisc hos been extonded hy | Newton, 1948 )s TheAnflusrce of
photon hag beenstuwdied Bg_f Uosta, (1934, 194@7 Seh&d&,(??%)aaﬂ %(19389, 1935 Jo
. Taewsllyn Jcmae,(wég) hae concluded that exespt for relatively low values of E/P
in hydrogen, photon can mot cause a@eaﬂﬁm*g epipsion froa the eathode, Iow -valﬁa
o2 Y 1in oxysen (Cragge and Beoek, 1948) end for watey @opa in air (English, 1948)
heve .been neasured. Theonly direct measurement of Y in lg. vapour appears W0 bs.
thoas of . Bodaden and Emi«;escﬁ, (‘lf}%){\(‘ ie found %0 be very much smaller than
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:NQ 'mm;':‘m rare gases. Infoxmation in polyeatomic yases such a8 vapours like
henzeno. aycloohem, tolmm vep obtoined by erin and Petreson, (1943 B \( 3.:
very mau for (E/P) < 400 volt/ome mme Of lzge for 211 the three. Thie may be dm
_ to ‘the ‘fact that large molesular ioms temd to diuoeiate when mutraneea at the
'ea'ﬂmde, rather thon relsase eleatrona from the mtal surfscte

E:mrmm have been made by ﬂo;nbeck. (1951) and ¢ . ¥olnar, (1951) nse mlyud
pmamw es vuused by bembardwent of cathode by ;ma:ltinﬂ, ‘Betantable atoms, anl
photonse Biaieh:argcn in argon with vaeral cathode metarials hove been studied.
A Towpeend dzeeharga has been stimulated by phato-elw%smm generatsd bya
nhnttexwad iight besm wh:ich i1luwinates the aatmde of & gas filled ‘auhe.
um trwienb characmr of the weauztant eurrent is observed. Y s defined.
ae 'ehe nmhar of electrons which are Mbtra%ed at the ca’thcde a:zﬁ eater the
discharge atram per ,:Lcm formed in the gawe It e ﬁhaa( posaibls %o wriﬂg.

Y B JCeSc (Y‘ + _& 76 ‘ Y + ‘dm[\(m itmk + 5£MY jCYIK \Yr ])
whéﬁ Y; ’ Yo anﬂ \(1 are contributions dus to ion, photon and mtutabh
’ atcma oCL s Ao ’ otm ave muaber of ionsy photons and mmt@bh atons produced '
per 10:2 per eleetran f ™ fraction that escepe back a!.fmsio: efiect
| \. K- 3an ] rmﬁoa oz 91101;0:13 aad nemmbxpa @-nrated in the mwhiah
veach the cathodey, | = fraotion of mmtable- ‘generated in the goe which sre
comverted tato radiat‘ing atal. 5 = fraction of phmom £ron theu Tediating
_ atoms thet reach the catiode. In Huubmﬂ: snd hlohaz"e meaemnt thl ourrent
,iu :tonnﬁ o consiat si.’ a component in siep with the ammm uam xmhe
mﬂ & cmpomnt whzlch lage by a tine of abeut 1 me mm. The rast component
'u pamied o be ‘desoribed by a %-.mem equation with. Y coetricient given by

PPN

Yhe totel current is degoribed by & Townsend equatic«n' with

\( -A'Y{: + VS
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Wheve . -

AN SR

ese Sk

\( + Jcm\f )(YK \()

mi‘é 'ésﬁws of Vi Yo &Y are mot considered to be better than 10 or 20%
\f u fmmﬂ to ba wich mner then ?Cﬂ end ., \/ méh are closely oquals

The inﬂmnce of ez:me layer omthe cathode has been discuaned by - mmmn
Jonea snd Farkery( 1952), Investigation of Dution et nd (1952) givena :mpmved
stabili"by and Icem‘acy of meapurenenise

mrmentu have csni‘imad the dependemce ar \( of Exz/? ¢ The mthmﬁeal
formulation of the variation of Y with E/p DA beem provided by Davis, Dutim
and Ia.meu;m Jones (1958 ), they have dedmad a formula

T | - Pl (e
e e
L L+ u/ en)\/hwo}(w_ OL—/U exp{'ﬁ%ﬁ}‘_‘\ |

" . 900("36»)0

. o ' .
whave P s precuure, o s electrode aeperaticn, /u = mean absorption eowefficient

Loy pimtonl in the gasy O = average mumber of ;xhetona prodmeﬂ by ome eleotrom
moving 1.cm. in the field direotiony K = the photo electric afﬁ.e:&ency at the
cathoda, Ew semtrical factor, ! U = most probable veloelty with which slectronn
1eave th! ca.thoda,wu drify velocity. But this theory has baen worked out aaamins
. mat the on]y mconﬁaxy eftent is the phcw-e:aeiric mt.ion ai the eaﬁwde st
‘hzgh pmlam.

ﬁhey have 1ot cemmmd the various mchanima wh:sch will confribute to
the value of Y at difterent values of WP"‘. Althiough attenmpts have beem wode -

to acpémt for the contrivution of different secondary pmeeszeé from time
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lag ctuay, the depondence or Yen E/P hag not been camlﬂm& fm thsomtmal
sm;sdipoint. i 5en & Ghosh, (1962) has etudled the variation of V in an electyode=
léeé d;)‘.mhargig 1n ety with discherge tubes of ﬁiffemn‘t; lengthe within the
premu;e Tonge from tew; m&cmns to 1000 Yotk hey foxm& tﬁat Y varies w.t;bh
pﬁesgure ard oiso with 52/:9 aa in the case czf.d..c. diaam[mg;e. 'l‘hey derived a
mammatigai expmasicg fbr.tha vardation of \( m}.th‘ E/Ig thiﬁ a@ea walld

: wﬁh;ﬁzé experimental ieaul'_bu._

EFFIOT  OF MAGHEIIC PINID ON TOWNSEND'S  SECOMD | CORVSICIHNIS.

: }Thezt &‘éﬁmam 'y second co=efficient should vary with W‘ﬁe field ham beea
"aa@ﬁete& By ifam and Heydon ( 1958 ) %o explein *bha Gependencs of breakdown
volicge on magmetic fleld, but no tdaquété gtudy has been done in this problem

, eithar from theoretical or experinental point of view, Some theoretiosl mpprosch
' hes been made however by (Plevin and Haydon,(1958) uaﬁ.ng the genamli:cd |
emfficienta.

£ = X0 a)

- | vael1:37)
where only ‘\ti'm contribution of poé;l.*ﬁivé ;!;cm end photon at the cathode hos beem
ca@é&m&- Heye O / ol '-. the generalised secondary 101&3&&1.@# amfficien@a

( Y = contribution due 1o + we fon and O/ due to photon at cathode,

K = fraction b:t‘ secondary electrons which m&m free in the gen, They haove
obtained o, relution of the fom

. (_%>0)-E/p ‘ (—(;L()/—)H/P.)E/P —_ KU%)/

where . P’ = /\ + C W/p*
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e am m being eleatmnm chargs am wapby U the veiocity of sledmn and
'-Lﬂa» menn m@ ‘puth at 1 mm. of Hg, _

C f%en and Ghesh,(‘l%z) have gtudisd the varietion aﬁ Y in nmassd aluctﬁc
am magretic ”:lalﬂ. me the wenaurement of bz-eakda\m mtentzal in au eketrodeloes
disoharge in & maguetic field the valussp? \(H s Tomgend's second cosfficient
m 8 m@euc fiem, have been calaulatea ai the curve behreeza \( and H has
bem fmmé to be hyparhouc in aatm. Aamﬁg ax exprecsion previously dprived
(Ser and Gnosh, 1962)

¢ - A ¢ B o+ ()

they have de&ug_ad on expreceion for the vardation of Y, with m@atm ﬁem in an
a}.geﬁroéahs_a diecharges The formula thw deduced éan explain the obeerved
vaziétibn of VH with mgnetic £ield snd the ixuax_xtita‘;éivé agrecment is-aleo
aatiafactory a:éaiéllﬁ for low valuego? ragnetic fisld. |

ELM@E!GM; BREAKIOUE  OF GASSS T IN OROSSED  KIMOTRIC AND MAGHETIC FIEID,

" The a?.miﬂm‘ian of zha machenivm of elactricel bmakﬁawn of gaces 1:3 mi.fum
‘ﬂe!MQ s.u of intrinsic wnd tuchm:wgicai impcr%aneu ané hae aromd oanaidumble
zﬁtesrwt over a mupber of yaara. wm esaema of the pmbm 1s &ae explema'cim
| \vh;,r &t a eerm eritical putem;ial aeaned the breskdown or sparking pntenﬁnl
tm gages cmﬂe t0 behave like insulators *md hecaw conductors of electm&w
- and’ zarsa cumwb ean demhp 12 the emw. eondﬂion fﬂveurs. Atwhmagh aﬁtampt.
-:!za% been wcde by . JeJsThomson, smrk end other to explain the mehaniau. fi:ut

mm attempt wag maﬁa by %mwend. He deyived the mnationmmen :s.omﬂm;s.oa
cowsErioiente defined vs the mn'mr of fon;paire produced when an electron (or dom)
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' bwswvad through wit dength in the diréa‘%an of the £1214 and the elegtmms,,
'grh;iéfs ‘aye the mole producers of ionisation heve colitded a me.t_a_ﬁabw o2 tinew
wi%hgaa ﬁohauiea. Bxoluding for the -pz-emm, the esi'ch'ﬁ of walls end electrodss
Sormsend doduced s ‘velation for ot Tomasend's gomefficients |

0(/P = A e TR/

Vﬂmm P io tha puam mil E %tm a:pp].iaﬁ ﬂem. ﬁlﬂmugh the ‘m&ﬁ.dﬂ.w of mu
expmsnion hel been questioned by many suthors (loeb, 1947) and. some of them have
deduced emmmiam Lor o / P the results obtoined from their expressions do not
give any ba‘t:'%er resulis then Townesnd's over an extended renge (Scn and Sposh,
1862), Zater Von inged ham shomn that provided sulteble values are ssolgred to

- gomstent & & By the validity of this expréssionen be eﬁemea for & wiée' renge

i Qi’ WP velues (Von Bngel, 1955)s Iater on the amme exp:easion has been deduwced by
, Zihm'a,(ieﬁa) from eamransed apsuaptions,

e i‘f’a have seen previowly that current tlowing in & mifo*n field can te

,expressad by -alze rcla.tion

. éotd
1 = ls - : :
' Y e
| %e value of Y ( € A' ~1) 10 zevo_ at low voltage gradent bus inamasea as voltage
;x*aéx.ent 1n rss:!.aed mmz ' : : .
wd | o
Y{ e -~ )n 1 . (v 40)

I3

‘man | beccpes infinite o m&emmmatc. Mmr@Lg 1;0 %;hethmry propoged
: by "i‘mem regarding spark brakicem tmes conditior, dez‘ims the cased of aparie
Tre. aig;ziﬁeamq of this sparking ugn&imcm hes baqzx aiacuase@ by various avthors,
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:ml‘mvs.ng & modified ‘expregeion of{Holst and Qosterheria, 1923) Tha subauct hes
beeta tmateﬂ by (Iaeb, 1947 ) in doteil.

: | Thus Emam'aaaxpmsaiea :
Cd /e = A e o

, o"(‘ i)y
ami \(( e Zr ) - 1 pemi%mtogiva aval'ua for the breakﬁownveltage.mich
nas beeu deduwd an _,'

v ’B?d

Vs T+ P a |
‘ C= log A I
o 10%(\ + Y ) 4
\o-q(' ‘*3)0

'.E'ha expmmsiun shmw; a mn.tmm fw » whan ‘V = BAd msming m bo

| omma‘aa The dependerce of Vg on (m) wag iirat emtablished experimentally
by de La,Rm sl rmmr.(isao Yo Iﬁ%‘c Poschen concluded frm extensive atuﬂiad
it Vg 10 8 mmn of (F) only. fﬁhu mault 10 known a9 Pagchen's law.
. The . bmakac:wn betwean smranel pla%es W been inveatiga%aﬂ byt Towngend

. and sganma, wm,mm.g 1731, Peming & *uam:, (1934 ). n general the variatian
'a:e'? mth(m)mwaammmm. -

- The MWe ef sasli quan‘m'ky cn‘.’ other g1s as mpm:it:; haa been smigﬁ by
;.Bieca:mn m& Faltyacw,, (1551)e Mluame of alaatmae hog veen ghudied by Tlswellym
Jozzm and &mﬁmn,(ﬁm) for siu a%eren*ﬁ sathods materialo.. Br&akdmm

'mssmux'em@me An b:,rdra@en have bevn a’tu&ieﬁ by %’enkm (1939) end mm (‘3933)
a:zﬁ gt vapem' hes been gtudied by«me\ullyn Jenen and Galloway.(’%?) ) s.md ‘
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(Grigoroviod »(1939) o ALL the previous workers have used internel electrodes to

bm%ewn veltaaa-
1% has however been shown that if eleetrodeleaa discharge im nadnt&imd by

dstermine the breakdown wlf,age, which has gobt & very morksd :mﬂmnce on the }
l

a trenatormer ( at 50 ¢/6) the mschentem of breakdown remning eubstaintially e
seme o that of GsCe but the 2ffect of elecirode cam be eliminated by this atthoﬂ
and im owr investigntion ws hove adopted this me?:haﬁ of excitaticn of dimhm-gﬁ
The breskdown of & gew in croased elsctric and magnetic fie1d hoo been |-
the gubject of investigation of many workers. (Neyer (1919, 1921 ) studted the ]
breskdown potential inm alr in presence of transverse megnetic ﬁemmm ;
dianharge tubes of lenzih 20,79 eme within pressure ranga Tmoe €0 24 ome 0F H&.
and pognetic Cield between O and 168% grusaes. s observed & rise in the tpwking
voltage for =l values of praasm:'c in pmmme of magnetic field, . Pemmg (‘6936)
‘atudied the elecmma,l discharge bem to comaxinl cylindera in an axial '
magnatic field at low pressure and found thet with strons field there fa a
dacreaae in starting pohnﬁ.al. Wahr1a,(1922) made ez’zc).cva.a*mmu:J f rogand 0
bﬂm e:treet a:t‘ magnetic field on breskdown condition of & gaa by calcuiat;iug the
valus of ol s the firat Towneend's comefficient in & magietic field He showed that
- under the mﬁmnce of mssgnats.c ‘field the eslectmna deacribe o oylo:.ﬁnx path and

th@meanmepm >\ wihhchangcto)\ so that

>\€ = 3 % \0%_Eﬁ'n J
‘ Ceea{a
vmeré H = pagnstic fisld in gatm
¥ m Fleotric field

e fma ratio of chavge by mas of electron _
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Hence the effect ie to increcse the pressure 1o an equivalent pressure

J N |
~ e H ) '~ a5
% x10°E m

Uning this émr&egim \";Vm:a.(m'}ﬁ) foumd that breakdown poﬁentiél in presence of
magmetic i"iem,. considering Y to be cometant is glven by

e H*) ‘;‘
\L. — B'Pd/[' T X0 Em
SH - — - —
\ Pd .
+-.. 0§; b= eHlA/8XlO$Em

ouv( l ‘—lé)t

iSmrvine,(‘l%a) has given a eriticsl discuseion of Valle 's ‘aheory and
:.&erivma 2 new ammas:.m for Vi without 3ntroduoing the equivalent prossure
aawept. The dors,vamn was based on the sspunpiion of empleaely meta-t:te
celli-ion avdd an ionisation pmbabiliw of unity for m those ¢olligions fer
wrdeh the elentm emx:y is groter than the mniaaﬁm eaery af the gu

mleeulee, d/ Pas dedueed by Soamerville is given by

A simk [%‘/'1"". STl

, C’S:(% /a ) Simh (a-/ 2n)

essf 104 7 %

. o '% ~
wiere 4 = 8 %10 Evwn [ eH”,

| & A — Coth & _ 22
e P (r/a) . Co =T o

\
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& mew approsch to the problem wes made By Blevin and Haydon, (1958 ) ohe
: é,ém:l._ﬁamei the bulk propsriies of electron avelsnches end herpe caleulated the
slectyon mase smargy, the drift velocity end ether allied properties in the

magnetic Tield. They deduced an expression for ol /Pes

(dje), = ADve qriym o[22 [T wF

We o Efp

ooo( 4@ )o

and the medificd pressurs ag’

2
whera 013 [iy i‘-]

. whers U m,éelwity of slectron and I = mean fres path of elsetrons in the goe at
1 zmz. 'pmssm. The Wwo mpreamdm for equivalent pressure given by ( Vehrli
and Blevin and Hoydom, 1958) ere different from one another and thely ysnge of
valigity haes baen discussed by .Sen and Shosh, (?962) over e range of pressuve
between 1 S to 1000 L . The work so far Aacme camct explain all the expsrimental
resulte regarding the effect of magnetic £leld on the breakdown voltage.
Consequently this aspeet of the discherge phenomens has alsc been studled in

the present investigaticne
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RADIOPREQUENCY BREAKDOWN OF GASES

(8) M1thout magnatic fled (b) th maguetic field,

The mechanie of the breakdown of gases for am alternsting voltage at 50 cyoles/
sec is aubetapﬁén.v the sexe as that for d.c. ﬁimge. However, usder the
Mimmc of éhi.s’,f;h freaquency alternating field, free electrons in & ges zay
‘acquire 'euergin iufﬁaiont 10 excite and to jonise the neutral gzas molscules,
?vhpﬁ.. the- ﬁal&a is sufficiently laraay the tonisation process in cunulative

and the gos breake down into é Juinous slow'{iischarge. The exciting field may
be applied dirgatly by electrodes connectdd to the source of high frequency
potentials Alf;érnauvnly the gas may be eém!.‘sed by a he2» ocurrent nowing

in 2 nearby comductor. "l"i'he: iret ‘type of dischérgg ie called E - dlscharge and
ascond type H « dischargs. The mechanies of F and H dzuchbrg.ea are fundoementally
the same and division into two fpes 1s Justified only when the wavelength of
the exoitating volioge :lnlarge compared wi.th the linear dimension of the

‘ a!.ébgzame mba: Comparatively litile siudy hes been mnde of He discharge, The
maacn ie probably to be found in the diZficultics experienced in making precise
Reseurenents as tha paﬁ"h of the disoharge current is elosed and theze are mo
Qzeézroaeﬁ betmaen.wéi§§ current and peds may be measureds The breakdown
mechanism in e discharge and the magnatude of the breakdown volta:gu v.; of &
@aoua discharge in an a.¢. £ield depend upon the natuxe smd ‘the pressure of
the gas, the frequency of the epplied fleld and the linear dimension of the
d{&chwge tuboe The general ohaz«aatéﬁstiaa of the breakdown curves have been
studied by many workers and 1t huo been reviewed by Darvow (1932,1933 )o Cme of

the earliect workers, Thomson (1930',1§34} 2 Jemunciated two conditions for breakdown
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in & high frequency field, Assuming the electron umdey the anfmeme of &7 240
_mm, the fmat ariterion was thaet in time "% the ei@emn must naqzﬁre suffioient
energy from the field so that the ensrgy is either equal or greater than the

' ‘iox;isaﬁmx lenermr of the gas; consequently the first emﬁﬂimx ata;s that

. . | A ,
_‘2_'3,m [L._e_ S'moﬁ} §\ eV (1-49)

GJ ™

where V| = sontsation

pa‘bentiaa of the gose The second ocondition wue theit the distuance trmrs&d by the.
ehe‘bmn in "Mme “t" wust be either aqual to or emaller ‘shan the mean free path
fo the eleetron in the gaw. )
Homce . - | ‘

| %%(l_ cosw{)‘g e (-50)
ea@biniag these two conittions he obtained en etmaﬁdn for the breskicwn voltage
wh:].eh ig e t\mtien otpmesum and freguency and showe that wb a certam pregsure
the brekdown valtage bce«mee & mintmme Thomeon (1957) next Studled the am»-am
patantial for hydrogen within the preserure vange (0425 mas 1o 95 nm.) and for
xrequamy ‘ha Mc/a %0 99 Ko/ms In gese of lower frequency ( below 2.3 Eﬂe/a)
he obtaineci fmﬁale mz.nima and sbove this froquency singh pintmms Double
mﬁiE& wag 010 ohserved by cuttons (1923) who cﬁml&x&c& that Sheae vaxe due
o maomme phemena in the gan 0111 en8 Donaldeon (1931) fotnd tha the
double m&nima dimmmﬂ 1f the dimh&nu;ea were away from the walls of the tubse
£ ezpl,a:m this, me‘ (1937) attg:apted to modify his theory. In order that a
tyx;ieal elen%:mn Ry acqu:ire ﬁm maﬂmw amrar at aﬁ;me. it i wsmed that
ths slectron begine to move at & time l-o whem the electﬁ.c tield 1 B Com (- )
‘mmn -the :mniaing velaciw will be moat qwel:ly aitainsd 1f 1t de acquired in &
time t., such thatthe electric f1eld at ﬁ.me ty dn E caa ( ¢ ). for undor this

condition



e

T _
J Cos(amft — ¢ ) dt
o o | 10 & maxiem,
€411 and Bmmmm (1931) anowes that when the expitation woa by & 2ield at right
iﬂ@i@e *to the long exie of the tubs , doubls minima appesr and when the fisld was
along the axds ons sinimuns ( thet at higher pressure ) d1sappesred.

The explﬁnation 19 seen by cmnamering & olowd of elec‘hmns ascil‘mung in
tha gos wder the infiusnce of the fields At a fimed msem, ag the ﬂeld is
inoreased the rate of lonisation ircrosses and when this is Juet greater “&h,m the
m%r .‘ of loss, due mainlzf 0 diffuaion, the glow appearas How if the pressure im
reduced the a:l,ecmﬂa asquire more onarw from the £ield owing to their inoreased
:m-a path and m oxritical force required fc»r bmalnﬂown is Iaaae However 2a the
pmesum is reduoed the amplituie of mimﬁon of the electron also mmaseu
ami when thie becomes of the smme order a3 the digtance apart of the walle, rate
af- Mle’ss's of oleclrons inerenees .wp:!.ély smd the ‘nraak&mn voltage is inorcaceds
| e é#lculatium of ¢411 and ﬂom&ﬂz@én' relating to their conditions of experizents
eve in agreennt with thedr vie?m. | ' o |

: i ﬁreakt o in bydrozen for “mqwmwa *3 1:9 13 f&/s for pxﬁ = 0.2 2 30 mm. CMe
of ?ng was %uﬂied by Gim::s (1940) vho ' a'ktﬂmpﬁed W aammm the appesransce of
the minina of (V gt P 3 uuwea with the paa:ttian of the walle of the diaahargﬁ
: tuba roletive o the clacmdea. He concluded that the breakdam of thc hefe
.jﬂgaqha_r@ seoured throu@z three ﬁifs:‘eranﬁ progcess whieh he »dane-tgé by moden,
ﬂg.b;és, each of wméh gave Tiee to a minimm in (? ’. pm ) ew.”sms.mz«—
resilts wete observed by Fim (1948, 1949) using small geps in adr et pressures
:tmm 59 mme to 764 ma for frequencies wemgmg from 100 No/s to 300 No/we. |

“Hele {1942) tried to e::p‘.!,ain hie meapurements in argon and Xenon over the
roage «::f quwmiea 5 ¥o/s ta 50 ﬁe/e end at gas prepoure 20-50 miemﬂa by



asowning that the breakdown potemtinl for hefe field io determined by those
electrons in the gas wmcsﬁ :sﬁecaed in ecquixing ioﬁiaing ereYRy in ons mood
fres péth; thers is congiderable divergenmce of the theoreticaily caloulated
breckdown voltoge with oxperimental results in cape of lower frstqusnciedss The
value of the mesn free path of the elecibon uged wan Ghat givén by Eiim-tie '&e;)z'y
whioh ee_azé herdly be correct. Ae lp cknowny ihe men free path of the algctxﬁn
varies with the enerw"af the slegtron and sg the energy of the electron varies
bémen'&em and fondsing eneray, what 16 noeded is an effective mesu freo pathe
Alpo the ssswsption that ihe probebllity of ionisation ;bscﬁma' o maximws when the
electron acquives the lonioing ensrgy 1o net supported by erxpesrimental resulis
becouse L% hes been shown by Smith (1930) that efficiémey of ioniocation increases
quite rapiétly with inersasing eleciron energies slightiy sbove the ionising ensrsy.
Yhe extent of the influence of the discharge in the walls ond eieétmde&
upon breskdown mechaniem depenie upon the relative megnitudes of p,f and @ where
p ig the pmsam £ ‘ia the frequency and 4 is the eleetrode separation. Llewellyn
Jonen and Horgen (1951) ehowed thet when 2" and “p" ave sufficlently high the
snplitude of motion of the elsotron elovd g amall, and it cante mueh lesz than
- the lineay dimenmions of the diseharge tubej %*&5 ie dindepandent of the nuture of
electrode surface ond sscomdary eleotron productien at the electrode ourfaces does
aot appear 0 p:l% Mpomnt parte Fowsver al very low prossure, experiments of
6521 and Von Engel (1948, 1943) and also those of Chemot (1948) show thet a
Gischarge omn be eisrtedy provided the froquency 15 greatsr than & eritical value,
é‘ts éui’ta‘ a low potential waleh Lo indmpeadent of the prepaurs Qf the ms. In this
~cage Gill end Von Fagel have assumed that o single eleotron sirlkes the opposite
glues curface ad release the scpondary eleetrone which move in phase with the

applied eleatric field and relvese further electrons from the wallse
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‘Applicebility of z:lmﬁm&y prinoiple in hefs dischorge hos besn atudied by
Idewellyn Jones (1951, 1953) and his co-worikers, Townewd end ¥illicms (1958) |
atudied the breskdowa condition in air and hy@rogen using a pudy of geometrioslly
#inddor electirode eystem and messuregents were made :l.’ér values of p-d = 15 -
ome of Hge ead frequemy 5 Mo/secs to 70 Ho/wecs for £ w 10 Ho/s or move, doubls
minime eppeared. The irst mininua wae not very sensitive t change of froquancy
but the seconi minimm moved to higher values of ¥ and " as the frequency 18
decreased, The sinilarity theoren was found tols oboyed withiin the frequenoy
: rango investigateds They have eom:hﬂed thet the mult:!.p:le minima in (V gt Pot)
curvep at high t‘mqua:my cén be mtarprctea on the basis of & single braakdown
mahmim :lnvalr&ng electzon gwmmtion by ¢oliision with gas moleculs and Joss

by aiftusion and aritt o the eleefnmdee anﬂ ta the walls of the dimhm'gn tub..
| The rmqpubuohed results for breakdown in ulirshigh frequency regaen.
syppecr t be those of Cooper (1947) who mode mesauvements of the brealofown in air,
in comaxial 1ines and weve guldes for gapd betmeen 0.1 and 0u3 cm. at gaS pressure
20-760 mme A% the two wavelengths (10.7 ahe and 3.1 cm) and the breskdown gradient
was found to be 70% of the dece breakdown velues Similar msasuremmnts were nade by
 Ponin (1948) who found that for 3 cm. wave, hreekdown voliage for & 0.043 cme gap
in m under atrospheric condition isbubstantially imdepondent of pulse duratiom
provided thet durstion eaceeds 4 @eco. The nature of spark mecheniem in a éé:vﬁ.w
 remsonator at thase wavelengths has beenetutied by Frowse and Cooper (1343) snd by
Pgmsemﬂ Jasinais (1949) using photographic end epestrozcopio 'ﬁnﬁ:oda-'
| - énmw ‘df MHﬁg&ﬁanl on nlorowave breakdown in gaees in cylimirdcal cavities
and between comaxiol eynnﬁera at a wavelesnzth or'9.6 ¢m. heve baen uade’ by S.CeBrown
and his éomama (1948, 1949, 1959, 1956 ), The gaps studied vange from Q.08 t07.6 cne .
in air at pﬁaam “from 0,1 to 100 e Hge. The zesulte ere diacuswed in texme of &
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m ‘theery far witra high “Erequency breakdown, which “, based on tha ‘erdterion
"tham at ths po:lm of bmkdown fonisation rate nquals "Bhe rate of loss dus to d
Mti‘uaion. @mar mensea of vemovel of elaatmm. mmh as atmmnz and
mmbimu@n. m eom;memd % be uegmgibh for the typa of the diwharget »
ctwliea; vrhm %she gap M%th 1: m&n comprred with the wuvehngth, the chntuntc
-’“ uaan mﬂ paﬂz and m amputwe of oacim’sim, ﬂm bnakmm eandﬂicm is
abtaa.nad from eonaiderat&on of t!w eaatinuiw aquatim far electrons aw

55’1\ . -
m'"ﬂf *AV_P o

0.;( 15l )0
when .\ " 1o the clectron density, »/ is the net produciion rate of slectrons per

elsotron snd denotes the differsnces bemcm the ianﬁ.ua‘baon} rate and the attachaent

" rates " represents the elecirom current demsity lost to the walls by aiffimiél.

The threshold for hreakdawn ig emideud to cccur when én/ ot goea through »erc.
The breskdown :lajmen ﬁm ‘charactsristic valwz of the clastic field obtained from
the solution of the squatisq ,

Jn — VI = o
o | ...(l 52).
‘ wi%h thebomﬁmy condidion that the alzcmm dmmty vanishes at the cmw suffaco.
A m.gh Zrequensy fontession weficient can be defimd as '
= ‘U/D"El o
S s ese{ 153 ).

where D = diffupton cosfficients. .
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lv'am‘aa of © have vb'un solovlated by Browm and .otharn' from thetr breckiown ueesurements
under parsllel ﬁiau eenﬁiﬁon in oylindricel cavity sad arve expresséd 2 funciton
of "Vz’ asd P)\ where ) 1a the wavelengths The data are then used to caloulate
' hmakﬂm voltage im air betneen cowaxial eyunﬂare and reaulte m rﬂm o be

im elese agreenent with the experimentany detemined valueg. If tha applied
frequency ie greater tham the fmqmmy of inelastic oamqien apd 1es8 than the
frequancy of elastic collision, I*Iolpﬁeiﬁ (1946) showad mﬁt the energy distribution
of ehotw‘ns iz a 5.:. field 10 einsely the pame a3 that of electrons in s static
£ledd sgunl in nmagnitude to the r.mm. valmat h-!. field. 391:%1!& deduced tha
braakdwn condit&on that the rate of prﬂmtinn of aleemn by :l.omiaatwn Bt
exmeca ‘the mw mr lmw due to diffusion for non atta.ehwg Zases, !n ease n.f a
w:s:l.fam field bsaﬁuea parannz plwbel the esloulated relation wiwesn fae bmﬁkdm :
.' gradient E; the gap length " 4 " and thegas prescure "p" is

(p-d) = ntkKT o
o e‘(E/P) b eee{1-54 )
: Oé 4s the Tovmaend's first lonisction cosfficient. | _

In & peries of theoretical popers om hefs discharge; Kargenmsu snd Hortsmn {(1948)
have discuseed metiods for dotermining the electros emorgy distribution sud have
eho'm how such functions can be uuad in the calculation of the breakdown ﬂ.&lds
on the m\nptﬁ.an tha the only mechamien for elacizon mmval is roconbimﬁcsa
with poaa.wm ionw. The eaieuh ted values are appreciably lowsr tham theheasm-ea
_ valwea emcl the discrepewsy is explaimé by the considevation that electrom mm‘.
alao be remove& by other nechanim _
xxma (1952) assuaing a proper m&al for collieion processes. im the molscular
mm ‘theory of slcatrical diacharge and modifying the Boltmm‘s 'arammrt
equation obtained expressions for the 'i’mdmental pammtgm involved in the
éueﬁm’ga phenonens of '»Wﬂ’-. Biv?iain_g the whole pmb!.m 4onto different pm»u
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‘nham obtained abzalu‘t;a sxpregeion for Mobility ceemcia:m, aiffusion caefﬁc:ient
i and electron tampesmtm’e in terms of some molecular consgante cad some naasmabh
parmeters. The procasaee by which these mlmu’.lmz conat&n*s Lox ﬁ&fferen‘a gamm _and.
vepoure m to be oaiculated have also been provideds Smﬁng from Eoltmen '
dis tritution of cherged particles iu & gas with uni:tom umperature mxa preaam
and nonuntform density and applied sxtemal electric tield, Xihara (1952) adeo |

obtatned the weld known olation | d1ftusion coetiicient .= KeT biuv]

where T, = electron temperaturs and X the Boltmen condtonts

Assuming that the coefficient of elestic aoawurmg baimen 228 nolscules ad
. elegtron or ion s inversely propeﬁieml to the relative speed between the

- eolliding ééxﬁelec an expression for the difrémme of a8 'eemperamu'e andi
eleciron temprenture in tarme of epplied fisld and frequenoy hos besn absaméa
by K:!hara. Extending this idea, the mobility coeficient of exectmn ingwes

is giwn by
K = e/m N A

, | i ool 55 3R
: ,s = mpber of mlecuiea POT CoCe Ema >\ is a mchcu‘mr constant mtmdwed by
Kihars in this theory ( dimematon M5, Kihare accounted for em emitamn
b; chetm with the help of & moéel givmg ormmection of emuaﬁon as g "

q(e,,0) = P> teos vitoh 1avolvea o process st tst the |
| speeén of slsctrons decrease from ¢, to vieglelon C because of imla-tie _
calua:mm. Here WD i & mlecu‘.lw zodel constant with the dinension of afea
| a1viaed by veloolty. Acerofing to this model the total arossegection
Q‘ '( cc) = f¢, 4icproporticnal to the gpeed of ccw}amé electrons.
For high frequency field, the elsciron temperature is #bté;ined 68
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o | | W\ | | QE
o~ (1 )
N S C T Vs
and the dielectric constant ’ ' |

e = o)
The process of :l.oniaatj.on ‘by eolligion m.t.h emmn was explained assm:mg a
" model eroos-section R 3 / '
: G‘(( 2‘/5 cr (C>Ct>
Q=
T (Y

where @ 1s a molecular comatent with the dimension of area and ' G 'ccmspmdt
to oleetmn vcms.ty at ﬁmt 1on1aauon pmxmaz. Since a :m euetmm with
omepmonally lorge energiea muam take the main pea*t of :loninatﬁ.on, Kihava
eomsidgred that the velocitg distribution of electirons 18 mot disturbed by ihe
1oninatim process 5o that it can be teken am Eameman. From thie mconmg
he ob“sa:lnad the expression for the first Townsend coeﬁ"iﬁiem ol a

afe = A, exp(-B.PlE)
Jmers - AL (A e om0

?Jhen the ges la excitéd by microwaves and the px’easm 18 high the loes of ek«amm
is generally at‘bributed to diffusion but in orge of emifzatioaa by radwfmqm&iu
We lows iﬁ dus both 'ao mobility and éiffuaion emd the c{snﬁnuity aquauon in

"one 65.mnsianal trestent 1e glven by

S no_ | | ) T Sh

St = Yn o+ D _[KE Cosw’r] n
i s 5 7

~ where X i the mobility coefficient of electvone The breakdown condition for

rofe &imchexge 19 o .
(.\_ | 2K Eo/w = = |

A
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whian :.n explicit form cen be wr:lttun, on e awmptimx t‘uat ehcﬁm'n wlacity
- aumems.cu 18 Maswellian, o | |
exp BOP/2E> - APL[1— TE—/—L%%)
| “ A SRR SRS R
 where Ay and ©, are two derdved molecular congtante mmwod by Kihara /\ is

the wavelength of the nyp.’u.eﬁ Tefs £ielde This theoreticnl expression is in
agrc:ment with the experimental obssrvations upto a earmn 1imited mge.

Taillet and Brunet (’1955) in their conference paper inveatigeted the phyeiosl
. mechanisn of _highmqueﬁdy qischarges maintained by éeaamncé.. Tt was conmaluded that
whén & rediofrequancy é‘isz_:hsmge}s.a amitaa wiﬁa & treqwmy w / 21 higher than

the ‘faé‘;,niciarz frequency )/ o gmwnamu die to the dtnpersiveﬁml;fx;rtten

of the ylgﬁa can control the stealy state of the dincharge end determime the

va:.ua of the electron Gensity for o glven geometry end frequencye

Eesmea tua two gemml type of loss of elsctrons in Mgh fxequemy discharge

' maly momuw mé ditfunion, thare may be o third type of loan mhanim which
‘ ‘beama very prcminent m cass ef certoin mees, This 18 the :laaa m t&matiem

goi‘ mgaﬁve fone ﬂsgauvm ions appear in gases under two cimmtmes.(s) they

’ na;y be created in the gaa largely through attactment of free elacirens to atml
N ‘and mvleeulea fmf! raxwly by diseooistion of nojeculse in the poler phase by .

‘v-‘eh otron mpaot, (v} -thay nay be introduced in the gos by interaction of ﬁaut

: pam;hclw of atomic mape with surfaces or by liberaiion Crom hot surfacese : 'r
* bttachment of eleatrons causes loss of the forusy 88 ioniaing sgents and leads
"hsvi‘dvhlayéd end zmdefsimhle e,:tecémm ién:t.amg events in aeaym%riéal ficsld
- bmakﬁemn. It may be furiher act to imreanf: the raie ni loss of carr&ex's by
membmauen. _ ‘

 Tnis 1@3:3 of elec‘mm by atiachment :m Vez'y pmdm:sant factor iu CIBe

of- cerluin types Of gag g, 02, %. s 9 halogm. gome organie vapcm*a ete.

1
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whiehn- mm. 3 s‘bxé;ﬁg aetﬁnity o utm the olecirons wnéutml atoma oy mlaéﬁi:n
to fow negetivelon direatly or by dteootatton, Taepleotron ia bound to the
molecule With an eRavgy E ’ with 18 called me electron affmay. m rhenomenon
of rlectmn a‘&‘isaclment 0 musml aton is & common ocem'ame for geses whose auter
electvonte shells ave nearly filleds The mmswgg. of ‘the sane with wiich an elsctron
can adtach to & weutral etom or melecule 18 gf:v}en by t%w electron affinity energy
which varies from about 4 volin for pases 1libs P aaﬂ 0 {:u nearly aero for. thoae
gagen which exhibit mmall. a%aelmem and is —ve far those which do note Atoms
ﬂhan,meria&a by, clesed elaotron:‘.c ghells ave mt to extra atomie ehet:mns.

: 'Malwculea in e 2 mma gtate arg gharaeterised by no' regulting epin or angular
moumm. mzp electrons feom olosed groups end heiide also show inertmses to
.extra molocular electronss Gasee such ns s ¥, and 00 fall into this growp -

'mzd whﬁ'ﬁ' no elsctron attacknents.. ‘

'me attacmnt oi’ elsctrons in guea wan mt olaarzy mmeivea mﬂl a’haut
1910 when the vanmn techniques and- gaseous pmiﬁoa‘mm of gaees et F‘.ramk and
Fonl. (1919) %0 smisr ton m:::, 4tien An dnort geses and By ool my noted the.
preleme ot free alea“bwns ab highw pmmmm Th athms of &mwnd (13%)
© and ‘hds comsoriers Iattey, Tizsard (1912) had led to the rs:acmitieu of. the
exi.&enae of Me aleetrona &t lmver pressuves lngines. ?he emﬁmm&l works N
'leadim, o the}ultima e ﬁieceming of elsctron attachnsnty wers swies of the
. variajlon of cerrder mobilities in alr e & fima‘cicm‘of presaure by Ao FoKovarick
"‘{191_{:;')’?::1‘&:& the Eutherford Aula method a; mobility medsursments gaiﬁs rhoto electrons ‘
- and those of H.MWellisch (1915, 1916, -wm using the pame method it producing
:wns by * d- particles frem DO in an am:.aafy ﬁald below & gauge Pollowing the
metha& of Eramk. |

ebsemﬁm of Weil:lsch nay Em azateé brieﬂy m the i’smra!.ng worda. 'i‘m
_aapezﬁt ion prwimsly effected hemm the electrons emﬁ the negative Jons in
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dry alr at lower preéme;haa been further extended to Co, 2md H, as'in thase

two gases the .ea._wm are relatively more numerous then in ailr at the corveapording
preseures A trace of impurity 1s especislly effective in reducing the mmber of
free electrons wheﬁ“%he &on 1m at miatiview high pressure; &t low prescure the
effect of inpurily is lesc marked. In most cases & velooity greater than

that arising from thernsl sgltation et ordinary temperature spperas to be mecessary
o mhla the elecfmn %o e:t.teat a psmmen‘iz union with en unehaz’geé’é molecule: of
the o8 0P immm.‘ty. lor t&m vapour of patroi.tm ether ' whose mleoulea contain .
only atm of carbon amd hy&m;,,en, the maaf.iva eam:ters appetir 46 consist
praatmaw entirely of free electrons; a tzme ef ampuz*ity. hmvemr is sufficient
] a:&’faet the production of & considerables nwber of negauva ionde A brs.ef
mesﬂgation lins been made of f.he motion n! the free elaetmm through caaa

the results do not indicate thst the veloeny ef the nhatmn is propnrtiml 0
the applied field, but;uugg.;eat that the electzon may traverse a m;dggabh
distance with acx:o;emtaei motion before its *t,éminal. velmﬁy is @é\gm&. In o
mst»am wag eny -ﬁaeme obtained of & change inte pature of extme the

‘ z:ouitive or mgmive ion as the pressure of the gas was reduced. The weaent
me%hod was emplnyed to determine ihe values of the ionio mob:llﬂim for & !’ev
vapam end the results heve been compared w:mh previot.m detemmata,ou-.

Iaeb (1921, 1923, 1924) in & eariss of work investigated thsa poars:}.ma ﬁhaorzes of
fﬁmaﬁion of pegative ion from electron and mutmi mlemﬂ.ea propasea by

: .J.J. Thomaon and by ¥ellisch.: ¥obilities of tke carriers :taxneé by phate elmmna
_ liberated from one plate of & parauel plate acnaensex- by a he&n of ul.tra violet
light, focussed on it at a glancing angle from o Quarts lens, were gi_e‘sem&naﬁ at -

' d:ltfa.mnt\ pressuves for air using the Rutherford A,C. mathod, ‘Eim ;fesulﬁs in gﬁmt&l

caurima the repulte of pmvinus 'cbégrvem; yielding & ‘aia‘gla glase ,01_’ caﬁierﬁ
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:whaae mobilities bacme abnormal below 150 mme preseures The veluaa of these
' ','mabmtiu were alsa fovmﬁ to be a fumotion m? ‘the frequesoy of eamutatim in
amemn% with earlier rmultn. The mamner of introduction of ultravﬂ.alet liant

; :an 'ﬁw ehanb«m reduced the stray ldght effedt and 4% waa aﬁm that the
| '.ao:.vmmotie Lfeut m? 'Z:he curvas ob.emd below 200 m, premaum were a real and mpor-
3 tant fcam of the phencmencm. ‘Iixa mammical theory of JoJThomaon was adapm
vta t’ﬂ theae maasmnts and on the basgie et the equat:&aa 80 deduced the chono®
of :!.an fomaﬁm " n " wop determined from axparimnt. Vdthin the limite of
aemumy of the nethod, " was :mea 0 be squal to :zabmm 25 x 1@5 far pure dry
air. ‘Ihe curmm voliage curves camputea on the basie of thcz Phomeon ﬁheery mm

. gampaved wi-th ﬂm obeerved eurves snd merked general a:mmmmanwm noticed
 below 200 mm. pressures. Fhe seymptotic feet of the computed and observed gurves
| lie clope together; which is significent in as much ds ﬂ i‘u these port:.on; of the
ahseweﬁ cuIves that yield the abmmal valma cf. the mcmniw. Bev&.aﬁm of
~ the obaarvad cuzves fran thoge aonmeﬂ aﬁ ‘the higher and Jower ;:reuma are.
.expma. Repaution cf the Welldsoh expeﬁmnﬁe shows' that what he termed

"m:! slegtrons” are the csrriers ox ebnoymelly high mobilitisn obsexvad b:—f the
earner workerss It is shoms that as the slectroms do =ot attaeh % N, mm.‘iule:,
m& that eg the value- oW p® obmineﬂ in pura 02 ard in B, with mll quantitiu

- of 03 in it egree with ﬂw valmc foundt i'oz- as.r on the basis of ite oxygem mtent,

I. .' ona nust cemluda that i3 15 to the 92 nolecules in alr that the electmu attach
| 'ﬁxe va!.u of " n " for 0, mleeulza 10 then 5 x 10%. )
lloat 9§‘ tha methaaa of hewmenﬁa of " h ", the ammm pmbabs.ut,y vere
handiuappeﬁ dus to diffemnt reasone. ‘Because of the very lmt valuee of “h" in meny
| Baacwy &8 well as the d.tfﬂeulw of achieving grm:p- ax electmna of narrow enexgy
sprend in gapes of sutfficlent density Lor apprecisble a*t.;aglmegt, significant

atudies on the eppemrance mtentmie: of ions and eneryy of ionfozﬁ_ation with
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Adentification of ion species formed by mass ipectmgraz;ha have not been aue.éﬁaam. |
Wntdl when Hicksn and Pox (1954) applied thedr retarding pateutial aufer@me
-__methaa %0 the etudy of attackment of elsctrons o SF, gombined with mass |
azseomg:aph revealing & new technique of investigatione
e clectron thet wakes v, inpsets per sec a unler the mtion of the 1eld ugn

moves /u E ecentimeters par sec.' takes | [ ME aaeonﬁn t0 g0 one cemiérfeter. Staming

with “u‘* elsctrons, the muber dnout of "ﬂ’ ﬁmt attach in going dx centimeters

- | nn aepena on "a" .y 2 /uEend en olx o I£ "h“ is the pmpar*ionality cmﬁfm’c,
- tfhén‘.' dn = —hmn zJ ol x / ME . ."h" 13 ca&le& the probabxn‘!w of |
"at%mmnt and ig the reciprocal of the avexa@;e numbar af :tmpacta an eleetmn
| uakea w attmh and N is themobd ity eoefﬁ.nd.ent. Amthez- quantity " [:S »
na;y ba deﬂmd ag the ;:mhabﬂity of at‘tmhmn* per en. Wa'ml in amlngy 1:6; |
| im-m:m costiicient ™ o " and likewise /E/p is a fummm ot a/z,. thess
. ‘_t!a mmmm eoe:tfﬁ.cienta are related by h o= (MmE / ch @ Hemoe amthur
| 'coeﬁ’fmiam Vo may be defined in amalogy o Ui :.anisation mqw;
-nay ba ecmnﬁ tha attaelmnt freqmmy and it 1:»3 related to Yh' by h l/' / Ve
B 'l‘aking into consideration 'bhis new mchzmiem, the conﬁmﬂ.w equation fs:- zzmbar
ot's elwtrona / e.c. noy be mama by put‘lz'mg [ (U, - o, n] zn place af
" ( z/2 n ) 6a the frequency oi‘ pm&wtien ot electrong, when the i’ma&am |
cmflwf.cn in cass of high i‘reqmmy Macharge with mnim ve:tmaty di.atm.butien
;:_af eleotzon qenls given by —;(—, - —/;— = -—;‘:T“/P—)"(‘F%”di) where Ee » affective
m@m, Uge ® avemge elsctron energy in evvs The quantities . o/ pi /R /o
| uowe ave all functions of E, / D, 8nd dsmmi on the energy dintx'xhuﬁon N
L qummon. Different authors meuaumﬁ the vax‘isation of oA/ 3 . end ﬁ /p w:wh E/‘? +
g ﬁonﬂadering étffemnt yasﬁibiutiaa of eww aisaipatian of alectzmn atﬁer '
attoohiment to the moleculse and atone and WPE&'M@ canmuiw equats.on ﬂax‘ruon
and mbane (1955) obtained the expmsien for Delle current for app:u.ed dcaq

volm Su
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St [ taee] exp[lt - p)dl] T LBJA-p
a # dletance Betmeen the elegtrodes. ?ariétim of degs current with diffevent
| eleat:mﬁa soperation for values of E'/p ® 60 %0 B/p, = 25 volte/om.  mee of Hgs
were obteloed,. Variations of [3/p with & / P were obtalued for air, Freon,
R 8 3 . Ueaammentm of variation of "h" with i:/? weore made by Bmabuw
and Tatel {1934) for gases 50 S0,5 0,5 Milyy H 0y HCL 012 end diffavent
mixtires of a%eching gamos. Burch end Geballe (1957) measured the variation of
Blp wathi E’?,I*’! o:.vg‘eu.v Neesurenente of cross section of a%m!mmt of halogens
CH By, 1, r,toi* aifferent energy of the electron by Henlay (1938) show a -
aeay 72 vé?.‘ts of ensrgy 62 slectrons for all three gasss., Thepe ara the me of
the nbsenatim of veristion of f/p with Wp e |

These mecourements c;i* veriation of f/p and 4/p with E/E help to euupare

the breaicdorn voltage datss obmrved m h!.gh frequenny diaah.argv of atwlﬂ.ng gnsen
takiug the etfsctive high fm&mmy 2ield ag the applied DO, £1ield. Harlin end’
Erown (1948) meapured the breakdown voltoge dn air at 3000 Mo/aec with the ﬁiam
. warying from 0.635 cme 10 9..15\3 % ’and the prepsure varying from 70 mm. Bg. 0 2 . Hg
Smilg.r usaaummtn were done by Pim (1949) at 200 Mo/oeos with the gop length
varying x'mn 0,08 cme t‘o'u.'oa emo and the pressure varying from 760 me. Hg. to
_ 166 m. Hge Tohs diaanpamy between thece e%mrvatmna and ‘chearfetieal plot of
| hmmewn curve, obtained by teking nalp of mecourements of Hacley and Reed (1941)
for average elsctron chergy a8 & funotion of Wr was of the order of 107%
chever with increased pmw of alrwby toking every ebaew:ﬂon wuh {resh aiy '
after sxhaveting all air oﬂ’ thc previous o’baemtion- the expurimnta}, curve
| eh:mm mueh beti;er ammm with the “ﬁheeréﬁieal curve. The dam of mdcromeve
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breclkdown meosuremonts in aﬁgan at 3000 No/ees with gap length 04635 cme over -

| ~ renge of pressures from 70 t0.2 tm, Hge of them awe in good mgreement with the theoretios
| value ealculated with the hslp of measursments of d/ p end /3/ P | farmmqrgm from

the work of Harrioon ad Gebslle (1953) end teicing the valus of U, = 3°5%10°p

.obminsa frot mobility mmaguremente of Mielsen ond Bradbury (19’:’?) end the relation

for the a.0. mobility, to@t the value of Ee g&ven by

. 2 . '}'1
A S

e - LS 2
2]+ W

) . where el 59 )
Er exp(J wt ) is the ap;ﬂie& #4238 ( bigh frequency ) ama Ui 18 the oollieion
mézanéy-

Byeclsdown in presence of nagne tﬂ.c: fielde

Brz,akdwn of a high frequency diseharge in » zag iu presence of: magnmtm £ield
h&e been atudied p“mcmaly by gome workerse il‘amanﬁ m:d 6111 (1937) caleulated ‘
the effwt af & ma@atﬂc mm on the breakamm potentiel of a gas under z'.:!‘-
om:lmien and showed that the moblility of the e&ectmm 1:: ‘the ﬂimetion of
the mhetrie ﬁelﬂ ia mdmed and :le g:wen vy the aqnatioxx | '

K
i+ whk ot

L = | o
ess{1:59)
R whire ), - <eH/me . the oyclotron fretluémy.
'e.nﬁ T ie the time betwwa successive coliisions, The aiffusian eaetficiene D in
. mﬁ\ned in & direction gurpmmular to the uagxmuc 21014 4a "ahe mtie o
'DHv—" '(»Dz"-x
' b4 W T

_ oop([ 6 0 )o
me theoe mnaﬂderatiana, they observed m-a i the clectric and ma@etic f:i.eldn 2
are pﬁmllal, the diffusion psmen&ieulém to the Pield ig redused and hema LY



maller breakdovan £is14 is mmm{ If the iolde ave pcxjpanﬁmuﬁr, not only
-t!ze bréaigdnwn voltage is reduced but fﬂr, gertaln vamlnai the laamﬁe Tield

end the epplied frequency rwounance will cocur when

| ]COJPPer\ :- e " /Zﬂ e .

| * , R osel1-60 )
They carvied aut azparimemu in air for two frequencies nomely 49 Ho/ eec aaa
30 Me/atc. ond the senge of pressure verying from & few mmﬁgo %o 24 m, of Eg.
A Qeopense of the ntammg patemml was m@ea for valwa of prasam lasa ﬁm the :
ninim without field and 1nurama of ptarting po*.ential for veluss of preeme
- greater then that a;e which the bresikdown voltage beoones minimim when the magnetic
£ie1d is upplied, ine values of the nagnetic field were 8o ohosen thet the reponamoce
condition was entiefieds The v:erk hap further been ex‘i:endéd by Erown (1946) w.
the cage of hydrogen who obtained almcst.aimiim“'mwl@e. '

| Iaex, 41128 and Prown £1950) sarried out experimentson the &reakdwn voltagt

ot o gaa exeiteﬁ by a m.cmwan Tield in presence of a transverse mamtie field.
ﬁha ges used wag he:um confnining & smell admm*e of Hg, vepour and ‘ﬂny ¢ | o
o obtaimﬁ bmak&nm ourves tar differnt values of presm ¢ The breakdown valtaga

’ ."be:cemm e miniowm for a maanetic £ie1a (1125 gaaaa) for AL valuso of the pmseurc,

. the elfect of maame being uﬂat m:ckead 8% low valuea of pressurse _
. Fervittd and Veronent (195) portomed oxmmman‘m in air for t’mquencs.aa venging
i’mm 10 !v!c/seu to 30 Ho/seo. in airy the mgmtie £1eld varying fm 0t 600 gausge
They uscd cylim&rical electrodes am obsexved & lewering of breakdown potentz.&!.
_ in presonce of magnetic field-

‘ E’.@B‘ﬁ of the works in this 1ine were dons iuweonance msgnetic fisld.such
that 'bhe frequency of the applied Licld aw 'sm m&agm*me of the mﬁgmmc fieid

eH’

are of owh & value thet = ———————wag s&%wfied. So fw mﬁi@&lﬂy
. <. opplied. - Z2nma
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1442 work hes bren dons in wiich the magnstic f101d 1a far ; fwmoved from the’
regoranze velvee Sen_and_ Ghosh (1963) .wtudled the breskéown in eir'and nitrogen

": 13@5&6& mmwnam magmtie field epplying the radiofrequency w&tm

rmquemy Bo1 Mo/uece and Te15 Mo/vece respectively in the pressuve Tenge af a

. few microns Hg. to 500 micron YHge They cbtained & Panily a: cmn_n for diffevent

stéa&y megoetic fielda whose value ms withiia 100 gousE. It was (?!_?gamﬁ t%mt
”eant; gurve :for a a%é&y groosed megnetic fieiﬂ‘ has got a ninmmbmakdewn \Sm:ttagc,

a at m.leex"'ﬁain pressure wh&ah‘ shifte to higher Wa'ésure é&z the magmtia 4”1@1& is
"imm@zeé. An inerease of breaktdown voltage ma rlso ehsmrved on the appncatian

A* 'af trmsvsrse pagmetio field wﬂhm the range ozc preeau:f:e for which the mecsurements

were takehe Following the theory of Kthara {(1552) for breakdomn of ganes by

' raﬁiafreqmmy field and enuivalent pressure concept :lzztmawm bar @mvin end
ﬁayﬂon (1950 with the vwiatifm of mbnity and diffuaian naeffmum ine . |

o , magﬁetiqﬂem, an ‘expreaaim for the breskdown vsltag;g of gases by refs Lleld

T wen éeve.‘wpad 4o explein their exbeﬂmentafl vesudlis, Iféms chaapved témt ﬁm ,
o thecretieal results aye :ua Pairly @good azrement w:l'kh expermm:al msulta. ,
The. éisempmy wag attribubeﬁ to uncerteinitiesin the valuea of- muleculm'

o cenatanﬁu introduzed by !Iihara in hie theory. They also cousiﬁared ma et&’mt

ut attacsmem lose to the breakdown eandition and obtamed the mﬁiﬂcaﬁm in

‘ their bmtk&m wltage gzpmaswn as

(BN b Lo (i-b) T
Eom (BT e e
: e : | Ceea{1762)0
R Y -L/Q“J zv__. { Afp - B ]z
o UL - ‘ - odp )

snd E » mobility c_@éﬁ‘iciam;
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Ia = mﬁx of ﬁm gnpy () = gpplied tzmi?.mmy- |

Ege breckdown voltage uitmut consideration of attashments

Fot breakﬂm 'mltage with uone!.&oration of aﬁmmnt. .

fﬂhia naw mdlﬂeatian with the eensid&rauon of sttachoent loos ntmwea @ hﬂ%r

nmemenﬁ be’hmm tmaz'emal and emrwental bmaicdom voltago. |

Bagnall and i?aydoa (1965) stuiied the pru-bmakdown ionjsation in mlecular |

nitrogen %o establish wha_thgr tha influence of & trangverse nagretic field 1o

equivalent %o an incresse in "zhe gas pressure from " p "‘ to R =P (v o+ w” UL)V?'
wiers ¥, " is electron eyelotron frequency, and J a pfénetant, vhich is the
eff&éﬁ_w é}eéﬁmn mﬁwul& collision mrmesngy. When the valua of B/ R pEE T
wi.th:m the mnge 150 (E/e{ ;soy‘cm“l”oﬁ‘. U has a conwtent value squal

to BJS % !09 P 5ec" but when F./P (\e;o U/p must decreae wifh aecﬂeadmg
'E/g . zer namtwwzy emement to bumin‘cama. Toe wm:.b:uty ot extenling
the cnneep*z 16 acgount for “bhe changep :I.u uewnﬁar;y iﬁn&ﬂat:lon andthe breakdown
patmtial i.u nitrogen are ales discusseds erme;auring the ﬁiffemm eaapkz

.tiwations of pra-bmeﬂmam waiaa'aion a‘B dirferent mnga of ﬁ/p 9 uw
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